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Dear Commissioner: 

This appeal brief is filed pursuant to Appellants' appeal to the Board of Patent Appeals and 
Interferences from the final rejection of claims 1-37, 87-90 and 161-171 in an Office Action dated 
February 8, 2007, for the above-listed application. 

1. REAL PARTY IN INTEREST 

The real party in interest is Pactiv Corporation, a corporation organized and existing 
under the laws of the State of Delaware, having its principal place of business at 1900 West Field 
Court, Lake Forest, IL 60045. 

2. RELATED APPEALS AND INTERFERENCES 

This appeal is related to the appeal filed in Application No. 10/190,375. The Notice of 
Appeal was filed on February 6, 2007 and the corresponding appeal brief was filed on April 6, 
2007. There are no other related appeals and interferences. 
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3. STATUS OF CLAIMS 

Claims 1-37, 87-90 and 161-171 are pending and have been finally rejected. Claims 38-86 
and 91-160 were previously cancelled. It is from the final rejection of claims 1-37, 87-90 and 
161-171 that this appeal is taken. 

Claims 1-6, 8-11, 13-26, 28-30, 32-37, 87-90, 161, 162 and 164-171 stand rejected under 
35 U.S.C. § 103 as being obvious over U.S. Patent No. 6,054,153 to Can* ("Carr") in view of 
U.S. Patent No. 4,522,835 to Woodruff ("Woodruff), U.S. Patent No. 3,459,117 to Koch 
("Koch") and U.S. Patent No. 6,042,859 to Shaklai ("Shaklai"). Claims 1, 2, 5-10, 12-15, 18-23, 
25-29, 31-34, 36, 37, 87-90 and 161-171 stand rejected under 35 U.S.C. § 103 as being obvious 
over U.S. Patent No. 5,71 1,978 to Breen ("Breen") in view of Woodruff, Koch, Shaklai and DE 
1935566 to Verbruggen ("Verbruggen"). 

4. STATUS OF AMENDMENTS 

A Final Office Action was mailed on February 8, 2007. An Amendment and Response to 
the Office Action was previously filed on November 9, 2006. The Amendment and Response to 
the Office Action did amend claims 1, 22 and 161 by removing the phrase "the acts of in the 
preamble. The Examiner entered these amendments in the Final Office Action of February 8, 
2007. 

5. SUMMARY OF CLAIMED SUBJECT MATTER 

The present invention is directed to a method of manufacturing a modified atmosphere 
package (e.g., 10; FIG. 1). The independent claims comprise supplying a first package (e.g., 14; 
FIG. 1) including a non-barrier portion substantially permeable to oxygen (see, e.g., page 8, lines 
20-22; page 10, lines 6-8). A retail cut of raw meat (e.g., 26; FIG. 1) is placed within the first 
package (e.g., 14; FIG. 1) with the meat (e.g., 26; FIG. 1) having meat pigment. The first 
package (e.g., 14; FIG. 1) is sealed (see, e.g., page 15, line 20). A second package (e.g., 12; FIG. 
1) substantially impermeable to oxygen is supplied (see, e.g., page 9, lines 20-22). The first 
package (e.g., 14; FIG. 1) is covered with the second package (e.g., 12; FIG. 1) without sealing 
the second package (e.g., 12; FIG. 1) so as to create a pocket between the first and second 
packages (see, e.g., 14, 12; FIG. 1; page 9, line 31 - page 10, line 1). A mixture of gases is 
supplied into the pocket (see, e.g., page 10, line 28 - page 11, line 4). 
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Independent claim 1 further recites that the gas mixture comprises from about 0.1 to 
about 0.8 vol. % carbon monoxide (CO) and at least one other gas to form a low oxygen 
environment so as to form carboxymyoglobin on a surface of the raw meat (see, e.g., 26; FIG. 1; 
page 4; lines 19-22; page 17, lines 21-23). Independent claim 22 further recites that the gas 
mixture comprises from about 0.1 to about 0.8 vol. % CO and at least one other gas to form a 
low oxygen environment with the gas mixture being supplied so as to substantially convert the 
oxymyoglobin directly to carboxymyoglobin on a surface of the raw meat (see, e.g., 26; FIG. 1; 
page 4, line 31 - page 5, line 2; page 17, lines 21-23). Independent claim 161 further recites that 
the gas mixture comprises CO in an amount from about 0.3 vol. % to about 0.5 vol. % and at 
least one other gas to form a low oxygen environment so as to form carboxymyoglobin on a 
surface of the raw meat (see, e.g., 26; FIG. 1; page 1 1, lines 1-4). 

Each of the independent claims includes removing oxygen from the pocket so as to 
sufficiently reduce an oxygen level therein so as to inhibit or prevent the formation of 
metmyoglobin on the surface of the raw meat (see, e.g., 26; FIG. 1; page 10, lines 17-30). The 
second package (e.g., 12; FIG. 1) is sealed wherein the carbon monoxide associated with the raw 
meat (e.g., 26; FIG. 1) within the first package (e.g., 14; FIG. 1) is adapted to be removable such 
that the color of the meat pigment is not fixed and turns brown in a natural time period upon 
removal of the second package (see, e.g., 12; FIG. 1; page 12, lines 2-11; page 21, lines 20-29). 

6. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 

I. Whether claims 1-6, 8-11, 13-26, 28-30, 32-37, 87-90, 161, 162 and 164-171 are 
obvious under 35 U.S.C. § 103 over U.S. Patent No. 6,054,153 to Carr in view of U.S. Patent 
No. 4,522,835 to Woodruff, U.S. Patent No. 3,459,1 17 to Koch and U.S. Patent No. 6,042,859 to 
Shaklai. 

II. Whether claims 1,2, 5-10, 12-15, 18-23, 25-29, 31-34, 36, 37, 87-90 and 161-171 
are obvious under 35 U.S.C. § 103 over U.S. Patent No. 5,711,978 to Breen in view of 
Woodruff, Koch, Shaklai and Verbruggen. 

7. GROUPING OF CLAIMS 

Claims 1-37, 87-90 and 161-171 will stand or fall together. 
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8. ARGUMENT 



The Appellants will discuss (1) the present invention, (2) the general case law of 
obviousness, (3) the reasons why a prima facie case has not been satisfied by either of the 
obviousness rejections and (4) additional evidence on why the pending claims are not obvious. 
To assist in explaining the present invention and showing the non-obviousness of the invention, 
the Appellants previously submitted evidence in the form of several 37 C.F.R. §1.132 
declarations by (a) one of the co-inventors Mr. Gary R. DelDuca (Exhibits 1-6) 1 ; and (b) one 
skilled in the art of meat processing using modified atmosphere packaging -- Dr. Melvin C. Hunt 
("the Hunt Declaration") 2 (Exhibit 7). 

I. Present Invention 

The methods of manufacturing the modified atmosphere packages have several 
advantages: (a) the "seasoning" period of the raw meat may be reduced or eliminated; (b) the 
ability to obtain consistent blooming with cuts off pigment-sensitive meats (e.g., round bone) is 
improved; and (c) the ability to avoid "fixing" the color of the meat pigment to red. See, e.g., 
page 11, line 29 - page 12, line 15; page 13, lines 11-17 of the application; DelDuca Decl. U 4 
(Exhibit 1). 

The "seasoning" period is the time period needed to diffuse the oxygen so that the meat 
has the ability to fully bloom. Page 3, lines 17-19 of the application; DelDuca Decl. ^ 5. Trays, 
such as polystyrene foam trays, have a substantial amount of oxygen contained in its cellular 
structure that results in a time period of as long as about 5 to about 6 days to diffuse the oxygen 
contained in its cellular structure. Page 3, lines 21-23 of the application; DelDuca Decl. U 5. If a 
foam tray is not used, the "seasoning" period can be reduced to one or two days. Page 3, lines 
24-25 of the application; DelDuca Decl. ^ 5. The reduction or elimination of the seasoning 
period "allows the meat to be displayed for retail sale much sooner than in existing low oxygen 
packaging systems." Page 11, line 29 - page 12, line 2 of the application; DelDuca Decl. U 5. 

1 The DelDuca declarations were respectfully submitted as exhibits in the Amendment and Response to 
Office Action Dated September 8, 2003; Amendment and Response to Office Action Dated February 17, 
2004; Amendment and Response to Final Office Action Dated December 16, 2005; Response to Office 
Action Dated August 2, 2005; Amendment With RCE filed on May 25, 2006; and Amendment and 
Response to Office Action Dated August 10, 2006. 

2 The Hunt Declaration was submitted in this pending application as an exhibit in the Amendment and 
Response to Office Action Dated February 17, 2004. 
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Seasoning periods are not desired by the retailers or packers because of the "need to store and 
maintain the meat-filled packages for an extended duration before being opened for retail sale." 
Page 3, lines 25-28 of the application; DelDuca Decl. f 5. 

One important aspect of the present invention is that the present invention does not "fix" 
the color of the meat pigment to red with its use of carbon monoxide (CO), but rather the meat 
pigment tends to turn brown in a natural time period after removal of the second package that is 
substantially impermeable to oxygen. See page 12, lines 2-12 of the application; DelDuca Third 
Decl, U 3 (Exhibit 3). It is important to prevent the meat color from being "fixed" because it is 
unsafe (and potentially dangerous) to consume a piece of meat that has a bright red color that 
consumers associate with freshness, but is beyond the point of microbial soundness. See 
DelDuca Third Decl. ^ 3. The term "fix" in this context does not mean that the color of meat 
pigment never changes to a brown color, but rather that the meat pigment does not turn brown in 
a natural time period after the meat pigment is exposed to atmosphere. Id. 

The present invention "surprisingly allows the meat pigment to convert to metmyoglobin 
in a similar fashion as fresh, raw meat in a retail environment." Page 12, lines 7-10 of the 
application; DelDuca Decl. \ 7 (Exhibit 1). Specifically, the color of the meat pigment after 
exposure to ambient temperature degrades in a fashion that is not beyond the point of microbial 
soundness, as if the CO had never been added to the modified packaging system. Id. 

The meat used in the modified atmosphere packaging of the present invention 
substantially maintains its color during the shipping process because the package has a modified 
atmosphere in one embodiment that includes from about 0.1% to about 0.8 vol.% carbon 
monoxide. See DelDuca Decl. ^| 8. In one method, after removal of the package that is 
substantially permeable to oxygen, the CO is lost to the atmosphere. See page 12, lines 2-6 of 
the application; DelDuca Decl. \ 8. The CO may be lost to the atmosphere through the package 
that includes a non-barrier portion that is substantially permeable to oxygen. Id. This allows the 
conversion of the carboxymyoglobin to oxymyoglobin by using the oxygen from the air. Id. 
The "gas mixture used in the modified atmosphere packages of the present invention, after 
removal, allows the carboxymyogolobin to convert to oxymyoglobin and then to metymyoglobin 
(brown) in a natural time period." Id. 
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II. General Law on Obviousness 

The Supreme Court in KSR Int'l Co. v. Tele/lex Inc., 550 U.S. , 2007 WL 1237837 

(2007) (Exhibit 8) stated that the teaching, suggestion and motivation test is not to be rigidly 
applied, but did not apply a specific test to determine obviousness. Applying the KSR Int'l 
decision, the Federal Circuit in Leapfrog Enterprises, Inc. v. Fisher-Price, Inc. and Mattel, Inc. 
stated that "[a]n obviousness determination is not the result of a rigid formula disassociated from 
the consideration of the facts of a case." No. 06-1402 (Fed. Cir. May 9, 2007) at page 7 (Exhibit 
9). Indeed, the common sense of those skilled in the art demonstrates why some combinations 
would have been obvious where others would not. See KSR Int'l Co. v. Teleflex Inc. 550 U.S. 
, 2007 WL 1237837 at *12 (2007). 

Prior to the KSR Int 7 Co. decision, the teaching, suggestion and motivation test stated 

that all the limitations of a claim must be taught or suggested by the combined prior art 

references. M.P.E.P. § 2143.03 (citing In re Royka, 490 F.2d 981, 985, 180 U.S.P.Q. 580, 583 

(C.C.P.A. 1974)). A prima facie case of obviousness requires three basic criteria: 

First, there must be some suggestion or motivation, either in the references 
themselves or in the knowledge generally available to one of ordinary skill in the 
art, to modify the reference or to combine reference teachings. Second, there 
must be a reasonable expectation of success. Finally, the prior art reference (or 
references when combined) must teach or suggest all the claim limitations. 

M.P.E.P. §2143. 

Obviousness cannot "be established using hindsight or in view of the teachings or 
suggestions of the invention." Ex parte Maguire, No. 1999-1344, 2002 WL 1801466, at *4 (Bd. 
Pat. App. & Inter. 2002) (quoting Para-Ordnance Mfg. Inc. v. SGS Importers Int'l Inc., 73 F.3d 
1085, 1087, 37 U.S.P.Q.2d 1237, 1239 (Fed. Cir. 1995), cert, denied, 519 U.S. 822 (1996)). 
Further, the proposed modification cannot render the prior art "unsatisfactory for its intended 
purpose" nor can it "change the principle of operation" of a reference. M.P.E.P. § 2143.01 
(citing In re Gordon, 733 F.2d at 900, 902, 221 U.S.P.Q. 1 125, 1 127 (Fed. Cir. 1984), and In re 
Ratti, 270 F.2d 810, 813, 123 U.S.P.Q. 349, 352 (C.C.P.A. 1959)). 

The law of obviousness requires that a reference be considered as a whole, including 
those portions that teach away from the claimed invention. Armament Sys. & Procedures v. 
Monadnock Lifetime Prods., No. 97-1174, 1998 U.S. App. LEXIS 20818, at *23-24 (Fed. Cir. 
1998); see also M.P.E.P. § 2141.02 (stating that prior art must be considered in its entirety 
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including disclosures that teach away from the claims). Indicia of teaching away in a reference 
give insight into the question of obviousness. Monarch Knitting Mack Corp. v. Sulzer Morat 
GMBH, 139 F.3d 877, 885, 45 U.S.P.Q.2d 1977, 1984 (Fed. Cir. 1998). A prior art reference 
may be considered to teach away when "a person of ordinary skill, upon reading the reference, 
would be discouraged from following the path set out in the reference, or would be led in a 
direction divergent from the path that was taken by the applicant." Id. (quoting In re Gurley, 27 
F.3d 551, 553, 31 U.S.P.Q.2d 1130, 1131 (Fed. Cir. 1994)). 

The Examiner, of course, has the initial burden of establishing a prima facie basis to deny 
patentability to a claimed invention under any statutory provision. In re Mayne, 104 F.3d 1339, 
1341,41 U.S.P.Q.2d 1451, 1453 (Fed. Cir. 1997). 

For at least the reasons stated below, Appellants respectfully submit that the Examiner 
has not set forth a prima facie case of obviousness under 35 U.S.C. § 103 and requests reversal 
of the Examiner's 35 U.S.C. § 103 rejections. 

III. A Prima Facie Case Has Not Been Presented With Respect To Independent 
Claims 1, 22 And 161 

The pending independent claims (claims 1, 22 and 161) include, inter alia, (a) "a first 
package including a non-barrier portion substantially permeable to oxygen", (b) "a second 
package substantially impermeable to oxygen", (c) a low oxygen environment that includes from 
about 0.1 to about 0.8 vol.% CO or from about 0.3 to about 0.5 vol.% CO; and (d) "wherein the 
carbon monoxide associated with the raw meat within the first package is adapted to be 
removable such that the color of the meat pigment is not fixed and turns brown in a natural time 
period upon removal of the second package." None of the applied references includes, inter alia, 
such limitations that are recited in independent claims 1, 22 and 161. 

As acknowledged by the Examiner, U.S. Patent No. 6,054,153 to Carr and U.S. Patent 
No. 5,71 1,978 to Breen do not disclose, teach or suggest the use of CO. See pages 4 and 7 of the 
Office Action dated August 2, 2005. The Examiner applies a number of references - Woodruff, 
Koch, Shaklai and Verbruggen in an attempt to cure this deficiency in Carr and Breen. These 
other references do not disclose a packaging system having (a) "a first package including a non- 
barrier portion substantially permeable to oxygen"; and (b) "a second package substantially 
impermeable to oxygen" as recited in independent claims 1, 22 and 161. 



7 



It would not have been obvious to combine Carr or Breen in view of other references 

such as Koch, Woodruff, Shaklai and/or Verbruggen to arrive at the present invention. This 

erroneous conclusion by the Examiner ignores the understanding of those of ordinary skill in the 

art at the time of the present invention that CO "fixes" the color of the meat pigment and there 

would be no motivation to one of ordinary skill in the art for using CO in a modified atmosphere 

such as disclosed in Woodruff, Koch, Shaklai and/or Verbruggen with a meat-packaging system 

such as disclosed in Carr or Breen. 

A. The Problems Of "Fixing" Color Are Known To Those Of Ordinary 
Skill In The Art 

The problems of fixing meat color with CO, which can mask spoilage, are clearly known 
to those of ordinary skill in the art. See, e.g., Hunt Decl. ^ 6 (Exhibit 7); DelDuca Decl. K 6, 7 
(Exhibit 1). The problem of fixing meat color with CO was described in a previously applied 
reference in this application to Sorheim et al. 3 Furthermore, the United States Food and Drug 
Administration (FDA) has believed that the meat pigment color would be fixed using CO. 4 
Thus, the alleged "good" color (i.e., red color of fresh meat) disclosed in, for example, 
Woodruff is not a desirable attribute when the meat pigment remains such a color past its 
microbial soundness. 

Additionally, Dr. Hunt, who has extensive experience in the processing of meat using 
modified atmosphere packaging, stated that "[t]he results of the testing [of the Pactiv's improved 
ActiveTech® meat packaging system 5 ] were surprising to me because it was understood by those 
skilled in the art that CO fixes (creates a stable form of myoglobin that could mask spoilage) the 
color of the meat pigment to red." Hunt Decl. ^ 6 (Exhibit 7). Pactiv's improved ActiveTech® 
meat packaging system did not fix the color of the meat pigment as expected and Dr. Hunt stated 



The applied reference was "The storage life of beef and pork packaged in an atmosphere with low 
carbon monoxide and high carbon dioxide" from Meat Science to Sorheim et al. ("Sorheim")(Exhibit 10), 
which applied in the Office Action mailed on May 7, 2003. In particular, Sorheim disclosed that its meat 
packaging systems with a modified atmosphere of "0.4% CO/60% CO 2 /40% N 2 had a bright stable red 
colour that lasted beyond the time of spoilage." Abstract of Sorheim. 

4 Exhibit 11 (In a 1962 letter, the FDA told a Whirlpool representative that it might need additional data 
"to establish that the treatment of meat would not serve to cause the meat to retain its fresh red color 
longer than meat not so treated" and that the FDA has a question "concerning possible deception of the 
consumer where treatment of the meat leads to longer retention of the fresh red color", which was 
submitted in the Amendment and Response to Office Action Dated February 17, 2004); see also Hunt 
Decl. H 6. 

5 The process of Pactiv's improved ActiveTech® meat-packaging system is one process that would be 
covered by the pending independent claims (claims 1, 22 and 161). 
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that "[t]his was a novel result and was not at all obvious due to the current and long standing 
thought that meat exposed to CO would develop a color that would mask spoilage." See id 

Additionally, even individuals today believe that CO fixes the color of the meat pigment 
in meat-packaging applications. See, e.g., FDA Petition by Kalsec Foods (Exhibit 12) (see page 
19 "the color-imparting effect of the carbon monoxide also masks the natural color change of 
meat due to aging and deceptively suggests freshness well past the microbial shelf life of the 
meat"; page 10 "[w]hen the oxygen in fresh meat packaging is displaced by carbon monoxide, 
the natural coloration provided by meat pigment is masked. Carbon monoxide binds firmly to 
myoglobin sites that otherwise would be bound gently by oxygen, forming carboxymyoglobin in 
place of oxymyoglobin."); and an article entitled "FDA is urged to Ban Carbon-Monoxide- 
Treated Meat" (see page 1 'this meat [with CO] stays red and stays red and stays red'). 

Thus, there is simply no motivation to combine Carr or Breen with Woodruff, Koch, 

Shaklai and/or Verbruggen in an attempt to address the problems solved by the present invention 

and to read on the pending claims. 

B. The Applied References Of Shaklai, Koch, Woodruff And 
Verbruggen Do Not Teach Or Suggest That The Use Of CO Turns 
Meat Pigment Brown In A Natural Time Period 

Based on the strong submitted evidence from the Appellants that those of ordinary skill in 
the art believed that CO "fixed" the color of the meat pigment at the time of the invention (i.e., 
that the meat pigment does not turn brown in a natural time period after the meat pigment is 
exposed to the atmosphere), the Examiner has attempted to apply a number of references 
allegedly stating otherwise. The Appellants will discuss these references and the reasons why 
they do not modify the belief before the Appellant's invention that CO "fixed" the color of the 
meat pigment. 

Specifically, the Examiner states that: (a) "Shaklai and Koch et al. provide evidence that 
the packages of either Carr [] or Breen [] will have CO [being] removably associated with the 
meat in a natural time period"; and (b) "the art of record does show that meat exposed to CO will 
brown within a natural time period after removal of CO and exposure to normal atmosphere." 
Pages 5-6 of the Office Action dated August 10, 2006. 

In addition to not disclosing, teaching or suggesting the claimed first and second 
packages, none of the references of Shaklai, Koch, Woodruff or Hermann, which are 
individually discussed in detail below, teaches or suggests the claimed limitation of "wherein the 
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carbon monoxide associated with the raw meat within the first package is adapted to be 

removable such that the color of the meat pigment is not fixed and turns brown in a natural time 

period upon removal of the second package." Such limitations are specifically recited in 

independent claims 1, 22 and 161. Thus, there is no motivation to combine Shaklai, Koch, 

Woodruff and/or Verbruggen with Carr or Breen in the pending rejections. 

i. Shaklai Teaches That CO "Fixes" The Color Of The Meat 
Pigment (I.e., Extends Color Life) 

Since Shaklai teaches that CO "fixes" the color of the meat pigment after exposure to the 
atmosphere, there would be no motivation to one of ordinary skill in the art to combine Shaklai 
with (a) Carr, Koch and Woodruff; or (b) Breen, Koch, Woodruff and Verbruggen as in the 
pending rejections. 

Specifically, Shaklai discloses exposing raw meat to an atmosphere consisting essentially 
of CO in which the meat is "completely immersed or saturated" with CO. See col. 5, lines 29- 
37. "More specifically, a cross-section of meat is completely immersed in or saturated to its core 
with carbon monoxide from the exposed surfaces through the entire cross-section (thickness) 
including its core region and retains the carbon monoxide until the meat is cooked. Thus, as 
stated above, the meat is preserved throughout its thickness." Col. 5, lines 38-43 of Shaklai. 

Shaklai continues by stating that "[p]ractically all of the carbon monoxide (over 99.9%) 
taken up by meat will be maintained as hemoglobin and myoglobin (Hb/Mb) bound forms." Col. 
5, lines 57-59. Shaklai also discloses that "[bjoth hemoglobin and myoglobin bind carbon 
monoxide much more strongly than oxygen." Col. 5, lines 66-67. "It is thought that the 
mechanism for carbon monoxide preserving of meat is the much greater affinity of myoglobin 
for carbon monoxide than for oxygen." Col. 6, lines 26-28 of Shaklai. 

It is known to those of ordinary skill in the art that when hemoglobin in the red blood 
cells is exposed to CO, the CO has an affinity 200 times greater than oxygen does with 
hemoglobin. 6 Therefore, one of ordinary skill in the art would expect that CO "fixes" the color 
of the meat pigment past its natural time period upon exposure to the atmosphere. DelDuca 
Third Decl. ^ 4 (Exhibit 3). In other words, because of the hemoglobin's high affinity towards 



6 See, e.g., Color Atlas & Textbook of Hematology, Wm Piatt, 2 nd edition 1979 (Exhibit 13); 
DelDuca Third Decl. f 4 (Exhibit 3). 
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CO, the pigment of the meat, prior to Appellants' invention, would not have been expected to 
degrade in a natural time period. Id. 

The examples of Shaklai also support that the meat pigment is "fixed" beyond its natural 
time period. Specifically, Example 4 of Shaklai (mentioned at page 5 of the Office Action dated 
August 2, 2005) discloses that (a) meat treated with CO on day 14 had only a surface (less than 1 
mm deep) being brown, while (b) meat treated with air was dark brown throughout. Col. 9, lines 
40-50. Thus, it is clear that the meat pigment in Example 4 was "fixed" because it extended the 
color of meat pigment past its natural time period after being exposed to the atmosphere. This is 
further illustrated in Example 3 of Shaklai where the air-treated meat and CO-treated meat had 
different colors - the air-treated meat after 3 days was all brown and the CO-treated meat was a 
wine-red color. Col. 9, lines 10-19. Example 2 of Shaklai mentioned at page 5 of the Office 
Action dated August 2, 2005 also does not support that meat pigment is not "fixed" beyond its 
natural time period (air-treated samples were brown and CO-treated samples were a bright wine 
red after 24 hours). Col. 8, line 50-col. 9, line 5. 

The Examiner asserts that Shaklai is being relied on as not fixing the color of the meat 
pigment surface. Pages 5, 7 and 8 of the Office Action dated August 10, 2006; Page 5 of the 
Office Action dated January 25, 2006. This ignores the evidence in the above examples that 
Shaklai discloses that the color of the meat pigment is fixed. There is no expectation in Shaklai 
that by applying the CO levels disclosed in Woodruff that the meat would brown in a natural 
time period, let alone the "reasonable expectation of success" asserted by the Examiner. See 
page 6 of the Office Action dated August 10, 2006. 

Thus, because Shaklai discloses "fixing" the color of the meat pigment, there would be 

no motivation to one of ordinary skill in the art to combine Shaklai with (a) Carr, Koch and 

Woodruff or (b) Breen, Koch, Woodruff and Verbruggen as in the pending rejections because 

Shaklai discloses "fixing" the color of the meat pigment. 

ii. Koch Does Not Teach Or Suggest That The Use Of CO Turns 
Meat Pigment Brown In A Natural Time Period 

Since Koch does not teach or suggest that the use of CO turns meat pigment brown in a 
natural time period after removal of its CO-containing film, there would be no motivation to one 
of ordinary skill in the art to combine Koch with (a) Carr, Shaklai and Woodruff or (b) Breen, 
Shaklai, Woodruff and Verbruggen as in the pending rejections. 
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Specifically, Koch discloses wrapping meat with a CO-containing film such that CO is 
transferred from the film to contact the surface of the meat. See abstract. An object of Koch is 
to include a relatively small quantity of CO that is gradually released from the CO-containing 
film. Col. 2, lines 18-22. Koch discloses (a) covering primal cuts made at a slaughterhouse with 
a CO-containing film, (b) removing the CO-containing film at the retail outlet, and (c) cutting the 
primal cuts into individual steaks, roasts, etc. Col. 3, lines 4-8. 

First, Koch does not disclose the exact weight of the primal cuts of meat. "Primal" cuts 
of meat at the time of the Koch disclosure (late 1960's), however, generally refers to sections of 
meat from anywhere between about 50 and 150 or more lbs. DelDuca Third Decl. U 6 (Exhibit 
3). The term "subprimal" cuts of meat is used today and generally refers to cuts of meat from 
about 15 to about 20 lbs. Id. Thus, it is clear that the term primal cuts of meat in Koch refers to 
a large quantity of meat. Id. 

Second, the disclosure of Shaklai with 100% CO (as compared to the small quantity of 
CO in Koch) took over 7 days to saturate a small piece of meat with CO. Specifically, in 
Example 3 of Shaklai, 0.5 to 1.5Kg (about 1.4 lbs to about 4.2 lbs) took 7 days upon exposure to 
100% CO to turn the meat pigment to carboxymyoglobin. See col. 9, lines 1 1-28 of Shaklai and 
DelDuca Third Decl. ^ 7. It would not be reasonable to one of ordinary skill in the art that a 50- 
150 lb piece of meat disclosed in Koch that had been exposed to a small quantity of CO would 
turn the non-surface meat pigments to carboxymyoglobin. DelDuca Third Decl. ^ 7. 

Therefore, when the primal cuts of meat of Koch were cut at the retail outlet into 
individual steaks and roasts, the meat pigments of such individual steaks and roasts had not been 
exposed to the CO from the CO-containing film. Id. It would be expected that the individually 
cut steaks and roasts sections of Koch that were not exposed to CO would degrade in a manner 
similar to other similar cuts of steaks and roasts that had also not been exposed to CO. DelDuca 
Third Decl. ^ 8. Thus, Koch teaches that meat pigment in the form of individual steaks and 
roasts not exposed to CO in the CO-containing film would degrade in a similar manner of steaks 
and roasts not treated with CO. Id. Thus, Koch does not teach or suggest that the use of CO 
turns meat pigments brown in a natural time period after removal of the CO-containing film. Id. 

In response to these arguments, the Examiner stated that Koch "is directed to the surface 
of the meat" and that Koch [] teach[es] that the surface treatment will result in the meat 
browning in a natural period." Page 6 of the Office Action dated January 25, 2006. This ignores 
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the primal cuts to which Koch is directed, in which individual steaks and roast sections are not 
exposed to CO. Koch discloses "[w]hen the primal cuts arrive at the retail outlet, the covers are 
removed and the meat is cut into individual steaks, roasts, etc. which may be separately wrapped 
in conventional wrapping materials. It has been found that meat will release a saleable red color 
for as long as 10 days when covered with the cover herein described for the first seven days and 
with a conventional cover for the remaining days."). Col. 3, lines 5-13 of Koch (underlining 
added); DelDuca Fifth Decl. U 7. 

In summary, Koch does not teach or suggest that the use of CO turns meat pigments 
brown in a natural time period after removal of the CO-containing film because it would not be 
reasonable that exposing a relatively small quantity of CO that is gradually released from the 
CO-containing film to a large quantity of meat (primal cuts) would expose CO to the non-surface 
meat pigments. 

Since Koch does not teach or suggest that the use of CO turns meat pigment brown in a 

natural time period after removal of the CO-containing film, there would be no motivation to one 

of ordinary skill in the art to combine Koch with (a) Carr, Shaklai and Woodruff; or (b) Breen, 

Shaklai, Woodruff and Verbruggen as in the pending rejections. 

iii. Woodruff Does Not Teach Or Suggest That The Use Of CO 
Turns Meat Pigment Brown In A Natural Time Period 

The Examiner states that Woodruff "teach [es] that CO concentrations in the recited range 
of the applicant have been know to provide good color in meat during transportation and 
storage." Page 5 of the Office Action dated August 10, 2006. The Examiner continues by 
stating that "Woodruff [] teaches surface contact of a meat with CO to maintain a red color". Id. 

Woodruff does not teach or suggest that the color of the meat pigment turns brown in a 
natural time period. DelDuca Fifth Decl. \ 4 (Exhibit 5). For example, Woodruff in Example 1 
discloses a 0.5 lb. beefsteak that was exposed to 0.5% CO, which was nearly all absorbed two 
days later. See col. 4, lines 34-48; DelDuca Fifth Decl. ^ 4. After being exposed in a modified 
atmosphere that included 16% oxygen, "the beefsteak retained its good red color, and the 
carboxy myoglobin color had penetrated no more deeply than it had at the end of the two days." 
See col. 4, lines 49-54. This passage implies that the carboxymyoglobin color was still retained 
within the beefsteak after 6 days despite being exposed to an atmosphere with a generally similar 
amount of oxygen as in air (compare about 21% oxygen to 16% oxygen). DelDuca Fifth Decl. 
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4. It would be expected to one skilled in the art that the beefsteak would turn brown in about 2-3 
days, depending on the cut of meat. Id. Thus, this example clearly shows that the beefsteak of 
Woodruff in Example 1 did not turn brown in a natural time period, but rather "fixed" the color 
of the meat pigment. Id, Similarly, in Example 1 of Woodruff, a 0.5 lb. beefsteak exposed to 
2.5% CO under similar conditions also retained its good color after 6 days. See col. 4, line 55- 
col. 5, line 6; DelDuca Fifth Decl. \ 4. 

None of the other examples of Woodruff supports a modified atmosphere package 
wherein the CO associated with the raw meat is adapted to be removed such that the color of the 
meat pigment is not fixed and turns brown in a natural time period. DelDuca Fifth Decl. at \ 5. 
Rather, the other examples of Woodruff generally disclose the condition of the meat pigment 
while being stored in a modified atmosphere containing CO. Id, In summary, Woodruff does 
not disclose, teach or suggest that the use of CO on meat pigment turns brown in a natural time 
period, but rather Woodruff teaches and suggests "fixing" the color of the meat pigment in 
Example 1. Id, at 6. 

Since Woodruff does not teach or suggest that the use of CO turns meat pigment brown 

in a natural time period, there would be no motivation to one of ordinary skill in the art to 

combine Woodruff with (a) Carr, Shaklai and Koch or (b) Breen, Shaklai, Koch and Verbruggen 

as in the pending rejections. 

iv. Verbruggen Does Not Teach Or Suggest That The Use Of CO 
Turns Meat Pigment Brown In A Natural Time Period 

The other applied reference (Verbruggen) has the same deficiencies of Woodruff. The 
Examiner briefly discusses Verbruggen as follows: "Verbruggen provides further evidence of the 
conventionality of utilizing a carbon dioxide and carbon monoxide mixture for preserving meat." 
Page 5 of the Office Action dated August 10, 2006. Verbruggen, thus, does not teach or suggest 
that the use of CO turns meat pigment brown in a natural time period and there would be no 
motivation to one of ordinary skill in the art to combine Verbruggen with (a) Carr, Shaklai, Koch 
and Woodruff; or (b) Breen, Shaklai, Koch and Woodruff as in the pending rejections. 

Thus, the Appellants believe that a prima facie case has not been presented with Carr, 
Breen, Woodruff, Koch, Shaklai, Verbruggen or any combination thereof. 
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IV. Evidence of Non-Obviousness of Independent Claims 1, 22 And 161 

Assuming, arguendo, that a prima facie case has been presented (which Appellants 
strongly believe is not the case), the Appellants previously submitted evidence of non- 
obviousness including the DelDuca Declarations (Exhibits 1-6) and the Hunt Declaration 
(Exhibit 7). Secondary consideration such as commercial success, long felt but unsolved needs, 
failure of others, etc. may be used to give light to the circumstances surrounding the origin of the 
subject and, thus, may be used to rebut a prima facie case of obviousness. See Graham v. John 
Deere Co. of Kansas City, 383 U.S. 1, 17-18 (1966). 

A. CO Not Allowed With Fresh Meat In The United States Since At 
Least 1962 

Carbon monoxide (CO) has not been allowed to be used with fresh meat in the United 
States for about 40 years. ' The Food and Drug Administration ("FDA") regulation that 
currently prevents using CO with meat-packaging systems in the United States is 21 C.F.R. § 
173.350. 

The food additive combustion product gas may be safely used in the processing 
and packaging of the foods designated in paragraph (c) of this section for the 
purpose of removing and displacing oxygen... (b) The food additive meets the 
following specifications: (1) Carbon monoxide content not to exceed 4.5 percent 
by volume... (c) It [carbon monoxide] is used or intended for use to displace or 
remove oxygen in the processing, storage, or packaging of beverage products and 
other food, except fresh meats . 

Exhibit 16 (emphasis added); see also DelDuca Decl. ^ 9. 

The concern of the FDA is believed to be that CO fixes the fresh meat color to a degree 
that allows the retailer to sell meat that looks good (a bright red color), but is unsafe and 
potentially dangerous to consume because it has unacceptable levels of bacteria. DelDuca Decl. 



7 21 U.S.C. § 121.1060 was first promulgated on August 2, 1961 (Exhibit 14) and permitted the use of 
combustion product gas containing up to 4.5% CO for use "to displace or remove oxygen or remove 
oxygen in the processing, storage, or packaging of citrus products, vegetable fats and vegetable oils, 
coffee, and wine." In December 14, 1962, 21 U.S.C. § 121.1060 (Exhibit 15) was amended to exclude 
fresh meats . In March of 1977, 21 U.S.C. § 121.1060 was re-designated as 21 C.F.R. § 173.350. Both 
Exhibits 14 and 15 were submitted in the Amendment and Response to Office Action Dated May 7, 2003. 

8 See also DelDuca Decl.K 9. 
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f 10 (Exhibit l). 9 This act of fixing the meat color to a bright red color is referred to as 

"economic adulteration." Id. 

B. CO Now Allowed In Pactiv's Improved ActiveTech® Meat-Packaging 
System 

After about 40 years of not allowing CO to be used with fresh meats in the United States, 
the Appellants came up with novel approaches of using CO in modified atmosphere packaging 
(MAP) systems that avoided the concerns of "fixing" the meat color. DelDuca Decl. ^ 1 1 
(Exhibit 1). The assignee of the patent application (Pactiv Corporation) gave notice to the FDA 
in August of 2001 of a specific embodiment and process, and evidence supporting Pactiv' s 
conclusion that CO as used is GRAS (generally recognized as safe). See Exhibit B of Hunt Decl. 
(Exhibit 7); See DelDuca Decl. ^ 12. The MAP system in Pactiv's GRAS notice may be used 
for packaging meats such as fresh cuts of case-ready muscle meat and ground case-ready meat to 
maintain wholesomeness, provide flexibility in distribution, and prevent losses due to spoilage at 
retail sale. See page 5 of Exhibit B of Hunt Decl.; DelDuca Decl. f 12. 

The specific MAP system that was presented in the GRAS notice used 0.4 vol. % CO in a 
meat-packaging system and was referred to as Pactiv's improved ActiveTech® meat-packaging 
system. See page 5 of Exhibit B of Hunt Decl. (Exhibit 7); DelDuca Decl. f 13. Unlike Pactiv's 
traditional ActiveTech® meat-packaging system, Pactiv's improved ActiveTech® meat- 
packaging system used CO. Pactiv's improved ActiveTech® meat-packaging system includes 
meats being placed in polystyrene trays and covered with oxygen-permeable, polyvinyl chloride 
("PVC") overwraps. Page 6 of Exhibit B of Hunt Decl.; DelDuca Decl. 13. The wrapped trays 
of meat are then placed in an outer barrier bag. Ambient air is removed and replaced with a 
blend of 0.4% CO, 30% carbon dioxide, and the balance being nitrogen. Page 8 of Exhibit B of 
Hunt Decl.; DelDuca Decl. \ 13. The myogolobin of the meat converts from oxymyoglobin to 
carboxymyoglobin (red). Page 9 of Exhibit B of Hunt Decl.; DelDuca Decl. 1f 13. The meat 
maintains its red color while in storage until the package is opened for retail display by removing 
the outer barrier bag. Id. 



9 See, e.g., Exhibit 11 (In a 1962 letter, the FDA told a Whirlpool representative that it might need 
additional data "to establish that the treatment of meat would not serve to cause the meat to retain its fresh 
red color longer than meat not so treated" and that the FDA has a question "concerning possible deception 
of the consumer where treatment of the meat leads to longer retention of the fresh red color.") 
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The package will lose CO to the atmosphere and, thus, at retail display will not have CO. 
DelDuca Decl. 1f 13. Once in retail display, the meat's myoglobin begins its natural conversion 
to metmyoglobin (brown). Page 9 of Exhibit B of Hunt Decl.; DelDuca Decl. ^ 13. The CO 
used in the MAP system did not mask the spoilage or extend the color life beyond the point of 
wholesomeness (i.e., the point of microbial soundness). Pages 9, 10 of Exhibit B of Hunt Decl. 
DelDuca Decl. f 13. 

The FDA stated that it had no questions regarding Pactiv's conclusion about Pactiv's 
improved ActiveTech® meat-packaging system using 0.4 vol.% CO being GRAS because of the 
evidence presented by Pactiv in its notice. Exhibit 17 at page 1; DelDuca Decl. | 14. 
Specifically, the FDA stated the following: "Based on the data and information reviewed, 
Pactiv's GRAS panel conclude[d] that CO, when produced in accordance with current good 
manufacturing practice and meeting appropriate food grade specifications, is GRAS, through 
scientific procedures under the conditions of its intended use." Exhibit 17 at page 1. This FDA 
review allows Pactiv to use CO with fresh meat in its application. DelDuca Decl. U 14. It is 
believed to be the first system to overcome the prohibition of CO with fresh meat in the United 
States in the last 40 years. Id. 

Thus, a problem of fixing meat color with CO that was recognized for at least the last 40 
years was overcome by Pactiv's improved meat-packaging system and process of the same. See, 
e.g., Exhibits 11, 17; Exhibit B of the Hunt Decl. The Pactiv process in the GRAS notice is an 
example of one process that would be covered by claims 1, 22 and 161 of the pending 
application. Specifically, the Pactiv process included (a) a first package that included a PVC 
overwrap, (b) a retail cut of raw meat within the first package that was sealed, (c) a second outer 
barrier bag that covered the first package, (d) a gas mixture including 0.4 vol. % CO that formed 
a low oxygen environment resulting in carboxymyoglobin on a surface of the raw meat, and (e) 
sealing the second package. 

The Examiner has asserted for the first time that Pactiv's improved ActiveTech® meat 
packaging system using 0.4 vol.% CO is not commensurate in scope with independent claims 1 
and 22. 10 See Office Action dated February 8, 2007. The Appellants disagree. First, the 
claimed amount of 0.1 to about 0.8 vol. % CO is clearly within the scope of the Pactiv's 



The Examiner apparently did not have any problems with the scope of independent claim 161 
(using from about 0.3 to about 0.5 vol. % CO). 
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improved ActiveTech® meat packaging system using 0.4 vol.% CO. Additionally, there are 
dependent claims that further narrow the amount of CO being used (see, e.g., claim 21 with 0.1 
to about 0.5 vol.% CO being claimed). 

C. The Pactiv Improved ActiveTech® Meat-Packaging System and 
Process Using CO Address a Long-Felt Need 

The Federal Circuit has stated that if an invention unexpectedly solved longstanding 
problems, it supports the conclusion of nonobviousness. See, e.g., Hybritech Inc. v. Monoclonal 
Antibodies, Inc., 802 F.2d 1367, 1382 (Fed. Cir 1986); WMS Gaming Inc. v. Ml Game Tech, 
184 F.3d 1339, 1359 (Fed. Cir. 1999). 

The process of manufacturing Pactiv' s improved ActiveTech® meat-packaging system, 
which is an example of a process that would be covered under independent claims 1, 22 and 161 
of the pending application, addressed such a long-felt need in the meat-packaging industry. 
"Prior to Pactiv's [improved] ActiveTech® meat packaging system using 0.4 vol.% CO, there 
was a need in the industry to provide a solution that: (a) reduced the seasoning period (the 
critical time meat is exposed to low partial pressures of oxygen, which can seriously damage the 
pigment chemistry); (b) formed consistently a normal bloomed color with meats whose pigment 
is sensitive to metmyoglobin formation; and (c) avoided the fixing of too stable of a meat color, 
which can be unsafe and potentially dangerous, if the color stability was greater than the shelf 
life (microbial soundness) of the product." Hunt Decl. ^ 7 (Exhibit 7). "Such a solution was 
especially desirable for a centralized packaging facility where the meat would be shipped to 
distant locations." Id. "Pactiv's [improved] ActiveTech® meat packaging system using 0.4 vol. 
% CO was a new and novel approach that addressed these technological needs." Id. Dr. Hunt 
stated that the results of the testing of Pactiv' s ActiveTech® meat-packaging system were 
surprising. See id. at ^ 5, 6. 

Thus, since Pactiv' s improved ActiveTech® meat-packaging process surprisingly 
addressed a long-felt need, this is further evidence that the independent claims of the present 
application are not obvious over the applied references. 

In response to this evidence on long-felt need, the Examiner asserted that "[i]t is 
notoriously well known in the art [from the applied references] that a red colored meat at the 
retail outlet is most desired. It was also known that meat exposed to CO in a modified 
atmosphere environment would provide the meat with a red color after the meat was removed 
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from the modified atmosphere environment." Page 10 of the Office Action dated August 10, 

2006. This clearly ignores the understanding of those skilled in the art prior to Appellant's 

invention that CO "fixed" the color of the meat pigment, which is discussed in detail above. 

D. The Pactiv Improved ActiveTech® Meat Packaging System and the 
Process of Using the Same is Commercially Successful 

The Federal Circuit has also stated that "[commercial success is ... a strong factor 
favoring non-obviousness." See, e.g., Akzo N.V. v. U.S. InVl Trade Comm'n, 808 F.2d 1471, 
1481 (Fed. Cir. 1986); see also Gambro Lundia AB v. Baxter Healthcare Corp., 1 10 F.3d 1573, 
1579-80 (Fed. Cir. 1997). 

Pactiv and its predecessor Tenneco Packaging Inc. (herein "Pactiv") have sold modified 
atmosphere packaging systems beginning in 1998 (the traditional ActiveTech® meat packaging 
system). DelDuca Sixth Decl. | 4 (Exhibit 6). The Pactiv traditional ActiveTech® meat 
packaging system includes meats being placed in polystyrene trays and covered with oxygen- 
permeable, PVC overwraps. Id. The wrapped trays of meat are then placed in an outer barrier 
bag. Ambient air is removed and replaced with a blend of 30 vol. % carbon dioxide, and the 
balance being nitrogen. Id. 

Beginning in March of 2002, Pactiv began offering for sale an improved ActiveTech® 
meat-packaging system. DelDuca Sixth Decl. f 5. Pactiv's improved ActiveTech® meat- 
packaging system includes meats being placed in polystyrene trays and covered with oxygen- 
permeable, PVC overwraps. Id. The wrapped trays of meat are then placed in an outer barrier 
bag. Id. Ambient air is removed and replaced with a blend of 0.4 vol. % carbon monoxide (CO), 
30 vol. % carbon dioxide, and the balance being nitrogen. Id. 

The modified atmosphere used in Pactiv's improved ActiveTech® meat-packaging 
system differs from the modified atmosphere used in the Pactiv's traditional ActiveTech® meat- 
packaging system. DelDuca Sixth Decl. ^ 6. Specifically, Pactiv's improved ActiveTech® meat 
packaging system uses 0.4 vol.% CO, while Pactiv's traditional ActiveTech® meat- packaging 
system does not use CO. Id. Because of the addition of CO, the equipment used in Pactiv's 
improved ActiveTech® meat-packaging system may vary slightly as compared to Pactiv's 
traditional ActiveTech® meat-packaging system. Id. Specifically, a mixer may be added to 
Pactiv's improved ActiveTech® meat-packaging system to mix the CO, carbon dioxide, and 
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nitrogen. Id. Additionally, a CO gas recovery hood and safety features may also be included in 
Pactiv's improved ActiveTech® meat-packaging system. 

The purchasers of either Pactiv's improved ActiveTech® meat-packaging system or 
Pactiv's traditional ActiveTech® meat-packaging system receive a license for the process and 
the knowledge to run such a process. DelDuca Sixth Decl. | 7 (Exhibit 4). Pactiv allows its 
customers to use its oxygen-absorber dispensing-machine at no cost. Id. The remaining 
machinery used to perform either Pactiv's improved ActiveTech® meat packaging system or 
Pactiv's traditional ActiveTech® meat packaging system is purchased by the customer. Id. 
Typically, this remaining machinery is sold by Pactiv to its customers. Id. The customers also 
typically purchase the oxygen absorbers, trays, and film from Pactiv. Id. 

Sales of Pactiv's traditional ActiveTech® meat-packaging system were decreasing in 
2000 and 2001. DelDuca Sixth Decl. \ 8. The sales of Pactiv's improved ActiveTech® meat 
packaging system, however, have substantially increased since its introduction in March of 2002. 
Id. The sales of Pactiv's improved ActiveTech® meat-packaging system have been 
commercially successful with sales numbers of about or over 6 million dollars in each of the 
years since 2003. Id. These sales include the total of the purchased licenses, the purchased 
remaining machinery, and supplies (which include oxygen absorbers, activator fluid, and film). 
Id. 

Since March of 2002, both Pactiv's improved ActiveTech® meat-packaging system and 
Pactiv's traditional ActiveTech® meat-packaging system have been available for sale. DelDuca 
Sixth Decl. ^ 9. Since March 2002, no customer has purchased Pactiv's traditional ActiveTech® 
meat-packaging system. Id. In fact, every customer still practicing Pactiv's technology has 
converted its traditional ActiveTech® meat-packaging system into Pactiv's improved 
ActiveTech® meat-packaging system. Id. Thus, to my knowledge no customer is still practicing 
Pactiv's traditional ActiveTech® meat-packaging system. Id. It can be concluded that these 
customers prefer the Pactiv's improved ActiveTech® meat packaging system over Pactiv's 
traditional ActiveTech® meat-packaging system. Id. The cost of Pactiv's improved 
ActiveTech® meat-packaging system versus Pactiv's traditional ActiveTech® meat-packaging 
system is fractionally more expensive. Id. Thus, the commercial success of Pactiv's improved 
ActiveTech® meat-packaging system cannot be attributed to a cost advantage. Id. 
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Since 2002, there has been no increase in the number of sales personnel from Pactiv who 
are responsible for sales of Pactiv's improved ActiveTech® meat packaging system. DelDuca 
Sixth Decl. H 10. In fact, the number of sales personnel who are responsible for sales of the 
Pactiv's improved ActiveTech® meat-packaging system have decreased since 2002. Id. There 
has been little or no advertising directed to sales of Pactiv's improved ActiveTech® meat 
packaging system since 2002. Id. The amount of advertising, if any, has not increased since 
2002 and likely has decreased substantially from that directed to Pactiv's traditional 
ActiveTech® meat-packaging system. Id. Thus, the commercial success of Pactiv's improved 
ActiveTech® meat-packaging system cannot be attributed to increased marketing/advertising. 
Id 

The process of manufacturing using Pactiv's improved ActiveTech® meat-packaging 
system is an example of a process that would be covered under independent claims 1, 22 and 161 
of the present application. DelDuca Sixth Decl. ^ 1 1 . 

One of the arguments raised by the Examiner with the submitted evidence in commercial 
success was that "it is not clear if the claimed invention resulted in the commercial success or 
whether other factors contributed to the success, such as increase[d] advertising/marketing." 
Page 10 of the Office Action dated August 10, 2006. It is clear from the submitted evidence that 
Pactiv's improved ActiveTech® meat packaging is commercially successful and that factors 
such as increased advertising/marketing were not the cause of its success. 

In the latest response (Final Office Action dated February 8, 2007), the Examiner also 
stated that "sales of improved package could have been a result of attractive pricing on part of 
the Pactiv [Corporation, where the company could have offered the newer system of packaging 
for relatively very small increase in price which would still be fractionally higher than the 
original (Declaration page 4) over the traditional package." This statement is nonsensical. In the 
DelDuca Sixth Declaration (Exhibit 6), the Appellants submitted evidence that the Pactiv's 
improved ActiveTech® meat packaging (which would be covered by the existing claims) was 
"fractionally more expensive" than Pactiv's traditional ActiveTech® meat-packaging system. 
Thus, cost was not an issue for a customer selecting Pactiv's improved ActiveTech® meat- 
packaging system over Pactiv's traditional ActiveTech® meat-packaging system. 

The Examiner also stated that the "company might have provided free training and 
license to use the product in order to boost the sales" and "[i]t has been noted that Pactiv allows 
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its customers to use oxygen absorber machines at no cost . . . , however it is not clear when this 
practice of no charge use of oxygen absorber was implemented, as it could also be a factor in 
altering sales." Pages 4 and 5 of the Final Office Action dated February 8, 2007. The 
Appellants disagree and provided the following evidence in the DelDuca Sixth Declaration at 
paragraph 7: 

The purchasers of either Pactiv's improved ActiveTech® meat packaging system 
or Pactiv's traditional ActiveTech® meat packaging system receive a license for 
the process and the knowledge to run such a process. Pactiv allows its customers 
to use its oxygen-absorber dispensing-machine at no cost. The remaining 
machinery used to perform either Pactiv's improved ActiveTech® meat 
packaging system or Pactiv's traditional ActiveTech® meat packaging system is 
purchased by the customer. Typically, this remaining machinery is sold by Pactiv 
to its customers. The customers also typically purchase the oxygen absorbers, 
trays, and film from Pactiv. 

As discussed above, there was no cost to Pactiv's customers on its oxygen-absorber dispensing- 
machine and Pactiv provided free training and the license to use the product for both Pactiv's 
improved ActiveTech® meat packaging system and Pactiv's traditional ActiveTech® meat 
packaging system. Thus, these were not factors in the customers choosing Pactiv's improved 
ActiveTech® meat packaging system over Pactiv's traditional ActiveTech® meat packaging 
system. 

Therefore, in addition to the applied references not presenting a prima facie case, the 
Appellants also believe that the pending claims are allowable because of the compelling 
evidence of non-obviousness. Therefore, independent claims 1, 22 and 161 are not obvious in 
view of Carr, Breen, Woodruff, Koch, Shaklai and Verbruggen or any combination thereof and, 
thus, should be in a condition for allowance and the Appellants request reversal of the 
Examiner's 35 U.S.C. § 103 rejections. 

9. CONCLUSION 

For the reasons set forth above, Appellants respectfully submit that the Examiner's 
rejections fail to present a prima facie case of obviousness under 35 U.S.C. § 103. Additionally, 
even if a prima facie case has been presented (which Appellants strongly believe is not the case), 
the overwhelming evidence of non-obviousness rebuts any prima facie case of obviousness. 
Based upon the arguments submitted above, Appellants respectfully solicit the reversal of the 
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Examiner's 35 U.S.C. § 103 rejections of claims 1-37, 87-90 and 161-171 on at least the grounds 
noted above. 

The Appellants note that the fee of $500.00 required by 37 C.F.R. §41. 20(b)(2) has 
already been paid. The Appellants request that the fee of $500.00 for the Notice of Appeal filed 
under 37 C.F.R. §41. 20(b)(1) be deducted from Nixon Peabody LLP Deposit Account No. 50- 
4181. 

The Commissioner is also hereby authorized to charge deposit account No. 50-4181 
(Attorney Docket No. 247097-001 080USPT) for any additional fees inadvertently omitted which 
may be necessary now or during the pendency of this application, except for the issue fee. 



May 18. 2007 Respectfully submitted, 



Date 




Registration No. 41,774 
Nixon Peabody LLP 
161 North Clark Street 
Suite 4800 



Chicago, Illinois 60601 
(312) 425-3900 - Telephone 



Attorney for Appellants 
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APPENDIX OF CLAIMS ON APPEAL 



Listing of Claims: 

1. A method of manufacturing a modified atmosphere package, the method 
comprising: 

supplying a first package including a non-barrier portion substantially permeable to 
oxygen; 

placing a retail cut of raw meat within the first package, the meat having meat pigment; 
sealing the first package; 

supplying a second package substantially impermeable to oxygen; 

covering the first package with the second package without sealing the second package so 

as to create a pocket between the first and second packages; 
supplying a mixture of gases into the pocket, the gas mixture comprising from about 0.1 

to about 0.8 vol.% carbon monoxide and at least one other gas to form a low 

oxygen environment so as to form carboxymyoglobin on a surface of the raw 

meat; 

removing oxygen from the pocket so as to sufficiently reduce an oxygen level therein so 
as to inhibit or prevent the formation of metmyoglobin on the surface of the raw 
meat; and 

sealing the second package, wherein the carbon monoxide associated with the raw meat 
within the first package is adapted to be removable such that the color of the meat 
pigment is not fixed and turns brown in a natural time period upon removal of the 
second package. 

2. The method of claim 1 further including supplying an oxygen scavenger. 

3. The method of claim 1 further including supplying an oxygen scavenger, 
activating the oxygen scavenger with an oxygen scavenger accelerator, and positioning the 
oxygen scavenger external to the first package such that the oxygen scavenger is capable of 
absorbing oxygen within the pocket, the activated oxygen scavenger aggressively absorbing any 
residual oxygen in the modified atmosphere package. 

4. The method of claim 3, wherein the activated oxygen scavenger reduces the 
oxygen level within the modified atmosphere package to approximately zero percent in less than 

10551648.1 
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about 24 hours. 

5. The method of claim 1, wherein the oxygen level of the pocket is less than 1,000 

ppm. 

6. The method of claim 5, wherein the oxygen level of the pocket is less than about 
500 ppm. 

7. The method of claim 1, wherein removing oxygen from the pocket includes 
evacuating the pocket. 

8. The method of claim 1, wherein removing oxygen from the pocket includes 
flushing the pocket with the gas mixture. 

9. The method of claim 1, wherein the gas mixture further comprises nitrogen, 
carbon dioxide or the combination thereof 

10. The method of claim 1, wherein the gas mixture farther consists essentially of 
nitrogen, carbon dioxide or the combination thereof. 

1 1 . The method of claim 1, wherein the gas mixture consists essentially of from about 
0.1 to about 0.8 vol. % carbon monoxide, from about 40 to about 80 vol.% nitrogen and from 
about 20 to about 60 vol.% carbon dioxide. 

12. The method of claim 1, wherein the gas mixture consists of from about 0.1 to 
about 0.8 vol.% carbon monoxide with the remainder carbon dioxide. 

13. The method of claim 1 further including removing the second package from the 
first package before retailing. 

14. The method of claim 1 further including removing the second package from the 
first package so as to allow the raw meat to be exposed to ambient atmosphere, the raw meat 
having color degradation similar to a fresh cut of the same raw meat. 

15. The method of claim 1, wherein the second package is adapted to be removable 
from at least a portion of the first package without destroying the first package. 

16. The method of claim 1 further including placing the retail cut of raw meat on a 
foam tray. 

17. The method of claim 1, wherein the non-barrier portion comprises a polyolefin or 
a polyvinyl chloride overwrap. 

18. The method of claim 1, wherein the gas mixture is supplied to the pocket such 
that the oxymyoglobin substantially converts directly to carboxymyoglobin. 
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19. The method of claim 1, wherein the oxymyoglobin substantially converts to 
deoxymyoglobin before the gas mixture is supplied to the pocket so as to convert 
deoxymyoglobin directly to carboxymyoglobin. 

20. The method of claim 1, wherein the gas mixture comprises from about 0.3 to 
about 0.5 vol.% carbon monoxide. 

21. The method of claim 1, wherein the gas mixture comprises from about 0.1 to 
about 0.5 vol.% carbon monoxide. 

22. A method of manufacturing a modified atmosphere package, the method 
comprising: 

supplying a first package including a non-barrier portion substantially permeable to 
oxygen; 

placing a retail cut of raw meat within the first package, the meat having meat pigment; 
sealing the first package; 

supplying a second package substantially impermeable to oxygen; 

covering the first package with the second package without sealing the second package so 
as to create a pocket between the first and second packages; 

supplying a mixture of gases into the pocket, the gas mixture comprising from about 0.1 
to about 0.8 vol.% carbon monoxide and at least one other gas to form a low 
oxygen environment, the gas mixture being supplied so as to substantially convert 
the oxymyoglobin directly to carboxymyoglobin on a surface of the raw meat; 

removing oxygen from the pocket so as to reduce an oxygen level sufficiently therein so 
as to inhibit or prevent the formation of metmyoglobin on the surface of the raw 
meat; and 

sealing the second package, wherein the carbon monoxide associated with the raw meat 
within the first package is adapted to be removable such that the color of the meat 
pigment is not fixed and turns brown in a natural time period upon removal of the 
second package. 

23. The method of claim 22 further including supplying an oxygen scavenger. 

24. The method of claim 22 further including supplying an oxygen scavenger, 
activating the oxygen scavenger with an oxygen scavenger accelerator, and positioning the 
oxygen scavenger external to the first package such that the oxygen scavenger is capable of 
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absorbing oxygen within the pocket, the activated oxygen scavenger aggressively absorbing any 
residual oxygen in the modified atmosphere package. 

25. The method of claim 22, wherein the oxygen level of the pocket is less than 1,000 

ppm. 

26. The method of claim 25, wherein the oxygen level of the pocket is less than about 
500 ppm. 

27. The method of claim 22, wherein removing oxygen from the pocket includes 
evacuating the pocket. 

28. The method of claim 22, wherein removing oxygen from the pocket includes 
flushing the pocket with the gas mixture. 

29. The method of claim 22, wherein the gas mixture further comprises nitrogen, 
carbon dioxide or the combination thereof. 

30. The method of claim 22, wherein the gas mixture consists essentially of from 
about 0.1 to about 0.8 vol.% carbon monoxide, from about 40 to about 80 vol.% nitrogen and 
from about 20 to about 60 vol.% carbon dioxide. 

31. The method of claim 22, wherein the gas mixture consists of from about 0.1 to 
about 0.8 vol.% carbon monoxide with the remainder carbon dioxide. 

32. The method of claim 22 further including removing the second package from the 
first package before retailing. 

33. The method of claim 22 further including removing the second package from the 
first package so as to allow the raw meat to be exposed to ambient atmosphere, the raw meat 
having color degradation similar to a fresh cut of the same raw meat. 

34. The method of claim 22, wherein the second package is adapted to be removable 
from at least a portion of the first package without destroying the first package. 

35. The method of claim 22 further including placing the retail cut of raw meat on a 
foam tray and the non-barrier portion comprises a polyolefin or a polyvinyl chloride overwrap. 

36. The method of claim 22, wherein the gas mixture comprises from about 0.3 to 
about 0.5 vol.% carbon monoxide. 

37. The method of claim 22, wherein the gas mixture comprises from about 0.1 to 
about 0.5 vol.% carbon monoxide. 

38-86. Cancelled. 
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87. The method of claim 1, wherein after sealing the first and second packages, the 
modified atmosphere package is modified so as to allow the raw meat to be exposed to ambient 
atmosphere. 

88. The method of claim 87, wherein the modified atmosphere package is modified 
by having the second package removed from at least a portion of the first package so as to allow 
the raw meat to be exposed to ambient atmosphere. 

89. The method of claim 22, wherein after sealing the first and second packages, the 
modified atmosphere package is modified so as to allow the raw meat to be exposed to ambient 
atmosphere. 

90. The method of claim 89, wherein after sealing the first and second packages, the 
modified atmosphere package is modified so as to allow the raw meat to be exposed to ambient 
atmosphere. 

91-160. Cancelled. 

161. A method of manufacturing a modified atmosphere package, the method 
comprising: 

supplying a first package including a non-barrier portion substantially permeable to 
oxygen; 

placing a retail cut of raw meat within the first package, the meat having meat pigment; 
wrapping the first package with a polyolefin or a polyvinyl chloride overwrap; 
supplying a second package substantially impermeable to oxygen; 
covering the first package with the second package without sealing the second package so 

as to create a pocket between the first and second packages; 
supplying a mixture of gases into the pocket, the gas mixture comprising from about 0.3 

to about 0.5 vol.% carbon monoxide and at least one other gas to form a low 

oxygen environment so as to form carboxymyoglobin on a surface of the raw 

meat; and 

removing oxygen from the pocket so as to sufficiently reduce an oxygen level therein so 
as to inhibit or prevent the formation of metmyoglobin on the surface of the raw 
meat. 

sealing the second package wherein the carbon monoxide associated with the raw meat 
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within the first package is adapted to be removable such that the color of the meat 
pigment is not fixed and turns brown in a natural time period upon removal of the 
second package. 

162. The method of claim 161 further including supplying an oxygen scavenger. 

163. The method of claim 161, wherein removing oxygen from the pocket includes 
evacuating the pocket. 

164. The method of claim 161, wherein removing oxygen from the pocket includes 
flushing the pocket with the gas mixture. 

165. The method of claim 161, wherein the gas mixture further comprises nitrogen, 
carbon dioxide or the combination thereof. 

166. The method of claim 161, wherein the gas mixture further consists essentially of 
nitrogen, carbon dioxide or the combination thereof. 

167. The method of claim 161 further including removing the second package from the 
first package before retailing. 

168. The method of claim 161 further including removing the second package from the 
first package so as to allow the raw meat to be exposed to ambient atmosphere, the raw meat 
having color degradation similar to a fresh cut of the same raw meat. 

169. The method of claim 161, wherein the second package is adapted to be removable 
from at least a portion of the first package without destroying the first package. 

170. The method of claim 161, wherein after wrapping the first package and sealing 
the second package, the modified atmosphere package is modified so as to allow the raw meat to 
be exposed to ambient atmosphere. 

171. The method of claim 170, wherein the modified atmosphere package is modified 
by having the second package removed from at least a portion of the first package so as to allow 
the raw meat to be exposed to ambient atmosphere. 

172-189. Cancelled. 
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I hereby certify that this correspondence is being deposited with the U.S. 
Postal Service a&^trsttlass Mai>itran>gvetope-addressed to: Mail Stop 
Amendments, Commis] 
Virginia 223 lion the 




Mail Stop Amendments 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313 



Dear Commissioner: 

I, Gary R. DelDuca, declare that: 

1. I hold a degree of B.S. in Mechanical Engineering From Rochester Institute of 
Technology in Rochester, New York that was obtained in 1980. 

2. From 1980-1995, I worked as a developmental and senior engineer for Mobil 
Chemical Company, Plastics Division. As a developmental engineer, I worked in process and 
product development in the area of foam products. As a senior engineer, some of my 
responsibilities included designing specialized machinery that included machinery directed to 
stacking trays for meat processes. Mobil Chemical Company, Plastics Division was purchased 
by Tenneco Inc. in 1995. From 1995 to the present, I have been a Technical Manager for 
Tenneco Packaging Inc. in the area of modified atmosphere packaging (MAP) for meats. My 
responsibilities have included designing, developing, and implementing such modified 
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atmosphere packaging for meat and processes using the same. In 1999, Tenneco Packaging Inc. 
was renamed Pactiv Corporation. 

4. The present invention is directed to methods of manufacturing a modified 
atmosphere package that includes carbon monoxide (CO). The invention has several advantages: 
(a) the "seasoning" period of the raw meat may be reduced or eliminated; (b) the ability to obtain 
consistent blooming with cuts off pigment-sensitive meats (e.g., round bone) is improved; and (c) 
the ability to avoid "fixing" the color of the meat pigment to red. See, e.g., page 11, line 29 - 
page 12, line 15; page 13, lines 11-17 of the application. 

5. The "seasoning" period is the time period needed to diffuse the oxygen so that the 
meat has the ability to fully bloom. Page 3, lines 17-19 of the application. Trays, such as 
polystyrene foam trays, have a substantial amount of oxygen contained in its cellular structure 
that results in a time period of as long as about 5 to about 6 days to diffuse the oxygen contained 
in its cellular structure. Page 3, lines 21-23 of the application. If a foam tray is not used, the 
"seasoning" period can be reduced to one or two days. Page 3, lines 24-25 of the application. 
The reduction or elimination of the seasoning period "allows the meat to be displayed for retail 
sale much sooner than in existing low oxygen packaging systems." Page 11, line 32 - page 12, 
line 2 of the application. Seasoning periods are not desired by the retailers or packers because of 
the "need to store and maintain the meat-filled packages for an extended duration before being 
opened for retail sale." Page 3, lines 27-28 of the application. 

6. Importantly, the present invention does not "fix" the color of the meat pigment to 
red with its use of CO, but rather the meat pigment tends to turn brown in a natural time period. 
See page 12, lines 10-12 of the application. 

7. It is important to prevent the meat color from being "fixed" because it is unsafe 
(and potentially dangerous) to consume a piece of meat that has a bright red color that consumers 
associate with freshness, but has an unacceptable amount of bacteria. The present invention 
"surprisingly allows the meat pigment to convert to metmyoglobin in a similar fashion as fresh, 
raw meat in a retail environment." Page 12, lines 7-10 of the application. Specifically, the color 
of the meat after exposure to the ambient atmosphere degrades in a fashion not beyond the point 
of microbial soundness as if the CO had never been added to the modified packaging system. 

2 
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8. The meat used in the modified atmosphere packaging of the present invention 
substantially maintains its color during the shipping process because the package has a modified 
atmosphere that includes from about 0.1% to about 0.8% CO. In one method, after removal of 
the package that is substantially permeable to oxygen, the CO is lost to the atmosphere. See page 
12, lines 2-6 of the application. The CO may be lost to the atmosphere through the package that 
includes a non-barrier portion that is substantially permeable to oxygen. See id. and page 13, 
lines 5-10 of the application. This allows the conversion of the carboxymyoglobin to 
oxymyoglobin by using the oxygen from the air. Page 12, lines 4-7 of the application. The "gas 
mixture used in the modified atmosphere packages of the present invention, after removal, allows 
the carboxymyogolobin to convert to oxymyoglobin and then to metymyoglobin (brown) in a 
natural time period." Thus, the present invention does not "fix" the color. Page 12, lines 3-5 of 
the application. 

9. Carbon monoxide (CO) has not been allowed to be used with fresh meat in the 
United States for about 40 years. The Food and Drug Administration ("FDA") regulation that 
currently prevents using CO with meat packaging systems in the United States is 21 C.F.R. § 
173.350. 

1 0. The concern of the FDA is believed to be that CO fixes the fresh meat color to a 
degree that allows the retailer to sell meat that looks good (a bright red color), but is unsafe and 
potentially dangerous to consume because it has unacceptable levels of bacteria. This act of 
fixing the meat color to a bright red color is referred to as "economic adulteration." 

11. After about 40 years of not allowing CO to be used with fresh meats in the United 
States, the Applicants came up with novel approaches of using CO in modified atmosphere 
packaging (MAP) systems that avoided the concerns of "fixing" the meat color. 

12. Pactiv Corporation, the assignee of the present invention, then gave notice to the 
FDA of a specific embodiment and process and evidence supporting Pactiv's conclusion that CO 
as used is GRAS (generally recognized as safe). The MAP system in Pactiv's GRAS notice may 
be used for packaging meats such as fresh cuts of case-ready muscle meat and ground case-ready 
meat to maintain wholesomeness, provide flexibility in distribution, and losses due to spoilage at 
retail sale. 

3 
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13. The specific MAP system that was presented in the GRAS notice used 0 4% CO in 
a meat packaging system and was referred to as Pactiv' s ActiveTech' M meal packaging system. 
The ActiveTcch™ meat packaging system traditionally includes meats being placed in polystyrene 
trays and covered with oxygen-permeable, polyvinyl chloride ("PVC") overwraps. The wrapped 
trays of meat are then placed in an outer barrier bag. Ambient air is removed and replaced with a 
blend of 0.4% CO, 30% carbon dioxide, and the balance being nitrogen. The myoglobin of the 
meat converts from oxymyoglobin to carboxymyoglobin (red) The meat maintains its red color 
while in storage until the package is opened for retail display by removing the outer barrier bag. 
The package will lose CO to the atmosphere and, thus, the retail display will not have CO. Once 
in retail display, the meat's myoglobin begins its natural conversion to metmyoglobin (brown). 
The CO used in the Pactiv MAP system did not mask the spoilage or extend the color life beyond 
the point of wholesomeness {i.e.. the point of microbial soundness). 

14. The FDA stated that it had no questions regarding Pactiv's conclusion about 
PactiVs ActiveTech™ mcat pac kaging system using 0.4% CO being GRAS because of the 
evidence presented by Pactiv in its notice. This FDA review allows Pactiv to use CO with fresh 
meat in its application. It is believed to be the first system to overcome the prohibition of CO 
with fresh meat in the U.S. in the last 40 years. 

15 I hereby declare that all statements made of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and, further, that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment or both under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 



Date. , , _ 

Gary RJ. DelDuca 
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Dear Commissioner: 

I, Gary R. DelDuca, declare that: 

1. I hold a degree of B.S. in Mechanical Engineering From Rochester Institute of 
Technology in Rochester, New York that was obtained in 1980. 

2. From 1980-1995, I worked as a developmental and senior engineer for Mobil 
Chemical Company, Plastics Division. As a developmental engineer, I worked in process and 
product development in the area of foam products. As a senior engineer, some of my 
responsibilities included designing specialized machinery that included machinery directed to 
stacking trays for meat processes. Mobil Chemical Company, Plastics Division was purchased 
by Tenneco Inc. in 1995. From 1995 to the present, I have been a Technical Manager for 
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Tenneco Packaging Inc. in the area of modified atmosphere packaging (MAP) for meats. My 
responsibilities have included designing, developing, and implementing such modified 
atmosphere packaging for meat and processes using the same. In 1999, Tenneco Packaging Inc. 
was renamed Pactiv Corporation ("Pactiv"). 

3. I am familiar with claims 1-37, 87-90, and 161-171, that are directed to methods 
of manufacturing a modified atmosphere package. I am aware of the Office Action dated 
February 17, 2004, and the obviousness rejections in that Office Action. I understand that the 
analysis of the patentability of claims 1-37, 87-90 and 161-171 should take into account certain 
facts related to the commercial success, and the clinical or verification success of the MAP 
method that is covered by these claims. I wish to provide evidence showing that the Pactiv 
improved ActiveTech® meat packaging system and process have been commercially successful. 
Additionally, I wish to provide evidence that the Pactiv improved ActiveTech® meat packaging 
system and process have achieved substantial clinical effectiveness. 

4. Pactiv and its predecessor Tenneco Packaging Inc. 1 have sold modified 
atmosphere packaging systems beginning in 1998 (the traditional ActiveTech® meat packaging 
system). The Pactiv traditional ActiveTech® meat packaging system includes meats being 
placed in polystyrene trays and covered with oxygen-permeable, polyvinyl chloride ("PVC") 
overwraps. The wrapped trays of meat are then placed in an outer barrier bag. Ambient air is 
removed and replaced with a blend of 30 vol.% carbon dioxide, and the balance being nitrogen. 

5. Beginning in March of 2002, Pactiv began offering for sale an improved 
ActiveTech® meat packaging system. Pactiv's improved ActiveTech® meat packaging system 



These will be collectively referred to Pactiv Corporation in the remainder of the declaration. 

2 

CHICAGO 286500vl 47097-01080 



includes meats being placed in polystyrene trays and covered with oxygen-permeable, PVC 
overwraps. The wrapped trays of meat are then placed in an outer barrier bag. Ambient air is 
removed and replaced with a blend of 0.4 vol.% carbon monoxide (CO), 30 vol.% carbon 
dioxide, and the balance being nitrogen. 

6. The modified atmosphere used in Pactiv's improved ActiveTech® meat 
packaging system differs from the modified atmosphere used in the Pactiv's traditional 
ActiveTech® meat packaging system. Specifically, Pactiv's improved ActiveTech® meat 
packaging system uses 0.4 vol.% CO, while Pactiv's traditional ActiveTech® meat packaging 
system does not use CO. Because of the addition of CO, the equipment used in Pactiv's 
improved ActiveTech® meat packaging system may vary slightly as compared to Pactiv's 
traditional ActiveTech® meat packaging system. Specifically, a mixer may be added to Pactiv's 
improved ActiveTech® meat packaging system to mix the CO, carbon dioxide, and nitrogen. 
Additionally, a CO gas recovery hood and safety features may also be included in Pactiv's 
improved ActiveTech® meat packaging system. 

7. The purchasers of either Pactiv's improved ActiveTech® meat packaging system 
or Pactiv's traditional ActiveTech® meat packaging system receive a license for the process and 
the knowledge to run such a process. Pactiv allows its customers to use its oxygen-absorber 
dispensing-machine at no cost. The remaining machinery used to perform either Pactiv's 
improved ActiveTech® meat packaging system or Pactiv's traditional ActiveTech® meat 
packaging system is purchased by the customer. Typically, this remaining machinery is sold by 



CHICAGO 286500v I 47097-01080 



3 





Pactiv to its customers. The customers also typically purchase the oxygen absorbers, trays, and 
film from Pactiv. 



ActiveTech® meat packaging system were decreasing in 2000 and 2001. The sales of Pactiv' s 
improved ActiveTech® meat packaging system, however, have increased at an exponential rate 
since its introduction in March of 2002. The sales of Pactiv's improved ActiveTech® meat 
packaging system have been commercially successful with sales numbers of over 7 million in 
2003 and an estimated sales number of 1 1 million in 2004. The sales numbers below include the 
total of the purchased licenses, the purchased remaining machinery, and supplies (which include 
oxygen absorbers, activator fluid, and film). 



8. 



As shown below in the Graph and the Table, sales of Pactiv's traditional 
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TABLE 





1 

Sales of Traditional 

Af»Hv*Xorh(fi) tin m{lll/\mc\ 

ntiive i ccuw \tu minions^ 


Sales of Improved 
Aciive i ecn^y (in millions ) 


1998 


0.5 


0 


1999 


3.8 


0 


2000 


2.6 


0 


2001 


1.6 


0 


2002 


0 


2.8 


2003 


0 


7.2 


2004 


0 
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9. Since March of 2002, both Pactiv's improved ActiveTech® meat packaging 



system and Pactiv's traditional ActiveTech® meat packaging system have been available for 
sale. Since March 2002, no customer has purchased Pactiv's traditional ActiveTech® meat 
packaging system. In fact, every customer still practicing Pactiv's technology has converted its 
traditional ActiveTech® meat packaging system into Pactiv's improved ActiveTech® meat 
packaging system. Thus, to my knowledge no customer is still practicing Pactiv's traditional 
ActiveTech® meat packaging system. It can be concluded that these customers prefer the 
Pactiv's improved ActiveTech® meat packaging system over Pactiv's traditional ActiveTech® 
meat packaging system. The cost of Pactiv's improved ActiveTech® meat packaging system 
versus Pactiv's traditional ActiveTech® meat packaging system is fractionally more expensive. 
Thus, the commercial success of Pactiv's improved ActiveTech® meat packaging system cannot 
be attributed to a cost advantage. 



2 Pactiv's improved ActiveTech™ meat packaging system was not offered for sale until March 
2002. 

3 This is an estimated figure based on sales through April of 2004. 
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10. The process of manufacturing using Pactiv's improved ActiveTech® meat 
packaging system is an example of a process that would be covered under independent claims 1, 
22 and 161 of the present application. 

11. After about 40 years of not allowing CO to be used with fresh meats in the 
United States, the Applicants came up with novel approaches of using CO in modified 
atmosphere packaging (MAP) systems that avoided the concerns of "fixing" the meat color, 
which can mask the spoilage or extend the life beyond the point of microbial soundness. The 
problem of fixing color using CO is known to those skilled in the art. One example of a 
reference that recognizes this problem is an article entitled 'The storage life of beef and pork 
packaged in an atmosphere with low carbon monoxide and high carbon monoxide" to Sorheim, 
Nissen and Nesbakken. This article was discussed in the Office Action dated May 7, 2003. 

12. The FDA stated that it had no questions regarding Pactiv's conclusion about 
Pactiv's improved ActiveTech® meat packaging system using 0.4% CO being GRAS because of 
the evidence presented by Pactiv in its GRAS notice. This FDA review allows Pactiv to use CO 
with fresh meat in its application. It is believed to be the first system to overcome the prohibition 
of CO with fresh meat in the U.S. in the last 40 years. . Thus, an important advancement in the art 
of meat packaging systems has been accomplished by the present invention. The importance has 
been recognized by the customers of Pactiv's improved ActiveTech® meat packaging system and 
process. 

13. I hereby declare that all statements made of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and, further, that these 
statements were made with the knowledge that willful false statements and the like so made are 
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punishable by fine or imprisonment or both under Section 1001 of Title 18 of the United Stales 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 



Patp; June 16, 2004 
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TC/A.U. 1761 

Examiner Robert A. Madsen 
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Mail Stop Amendments 
Commissioner for Patents 
P.O. Box 1450 
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Dear Commissioner: 
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L Gary R. DelDuca, declare that: 

1. 1 hold a degree of B.S, in Mechanical Engineering From Rochester Institute of 
Technology in Rochester, New York that was obtained in 1980. 

2. From 1980-1995, 1 worked as a developmental and senior engineer for Mobil 
Chemical Company, Plastics Division. As a developmental engineer, I worked in process and 
product development in the area of foam products. As a senior engineer, some of my 
responsibilities included designing specialized machinery that included machinery directed to 
stacking trays for meat processes. Mobil Chemical Company, Plastics Division was purchased by 
Tenneco Inc. in 1995. From 1995 to the present. 1 have been a Technical Manager for Tenneco 
Packaging Inc. in the area of modified atmosphere packaging (MAP) for meats. My 
responsibilities have included designing, developing, and implementing such modified atmosphere 
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packaging for meat and processes using the same. In 1999, Tenneco Packaging Inc. was renamed 
Pactiv Corporation ("Pactiv"). 

3. One important aspect of the present invention is that the present invention does not 
"fix" the color of the meat pigment to red with its use of carbon monoxide (CO), but rather the 
meat pigment tends to turn brown in a natural time period after removal of the second package 
that is substantially impermeable to oxygen. It is important to prevent the meat color from being 
"fixed" because it is unsafe (and potentially dangerous) to consume a piece of meat that has a 
bright red color that consumers associate with freshness, but is beyond the point of microbial 
soundness. The term "fix" in this context docs not mean that the color of meat pigment never 
changes to a brown color, but rather that the meat pigment docs not turn brown in a natural time 
period after the meat pigment is exposed to the atmosphere. 

4. It is known to those skilled in the art that when hemoglobin in the red blood cells is 
exposed to CO, it has a much greater affinity than oxygen does with hemoglobin. In fact, when 
hemoglobin in the red blood cells is exposed to CO. the CO has an affinity 200 times greater than 
oxygen with hemoglobin. Therefore, one skilled in the art would expect that CO "fixes" the color 
of the meat pigment past its natural lime period upon exposure to the atmosphere. In other 
words, because of the hemoglobin's high affinity towards CO. the pigment of the meat, prior to 
Applicants' invention, would not have been expected to degrade in a natural time period. 

5. U.S. Patent No. 3,459.117 to Koch discloses (a) covering primal cuts made at a 
slaughterhouse with a film that contains a small quantity of CO, (b) removing the CO-containing 
film at the retail outlet, and (c) cutting the primal cuts into individual steaks, roasts, etc. 

6. "Primal" cuts of meat at the time of the Koch disclosure (late 1960's), however, 
generally refers to sections of meat from anywhere between about 50 and 150 or more lbs. The 
term "subprimal" cuts of meat is used today and generally refers to cuts of meat from about 1 5 to 
about 20 lbs. Thus, it is clear that the term primal cuts of meat in Koch refers to a large quantity 
of meat. 

7. It would not be reasonable to one of ordinary skill in the art that a 50-150 lb piece 
of meat disclosed in Koch that had been exposed to a small quantity of CO would turn the non- 
surface meat pigments, which were not exposed to CO. to carboxymyoglobin. This is supported 
by the disclosure of U.S. Patent No. 6,042.859 to Shaklai. The disclosure of Shaklai with J 00% 

2 



BEST AVA'f ap« c 



CO (as compared to the small quantity of CO in Koch) took over 7 days to saturate a small p.ece 
of meat with CO. Specifically, in Example 3 of Shaklai. 0.5 to ).5Kg (about 1.4 lbs to about 4.2 
lbs) took 7 days upon exposure to 100% CO to turn the meat pigment to carboxymyoglobm. 
Therefore, when the primal cuts of meat of Koch were cut at the retail outlet into individual 
steaks and roasts, the meat pigments of such individual steaks and roasts bad not been exposed to 
the CO from the CO-containing film. 

8. It would be expected that the individually cut steaks and roasts sections of Koch 
that were not exposed to CO would degrade in a manner similar to other similar cuts of steaks 
and roasts that had also not been exposed to CO. Thus, Koch teaches that meat pigment in the 
form of individual steaks and roasts not exposed to CO in the CO-containing film would degrade 
in a similar manner of steaks and roasts not treated with CO. Thus, Koch docs not teach or 
suggest that the use of CO turns meat pigments brown in a natural time period after removal of 

the CO-containing film. 

9. I hereby declare that all statements made of my own knowledge are true and that 
all statements made on information and belief are believed to be true, and, further, that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment or both under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 
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Dear Commissioner: 

I, Gary R. DelDuca, declare that: 

1. I hold a degree of B.S. in Mechanical Engineering From Rochester Institute of 
Technology in Rochester, New York that was obtained in 1980. 

2. From 1980-1995, I worked as a developmental and senior engineer for Mobil 
Chemical Company, Plastics Division, As a developmental engineer, I worked in process and 
product development in the area of foam products. As a senior engineer, some of my 
responsibilities included designing specialized machinery that included machinery directed to 
stacking trays for meat processes. Mobil Chemical Company, Plastics Division was purchased 
by Tenneco Inc. in 1995. From 1995 to the present, I have been a Technical Manager for 
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Tenneco Packaging Inc. in the area of modified atmosphere packaging (MAP) for meats. My 
responsibilities have included designing, developing, and implementing such modified 
atmosphere packaging for meat and processes using the same. In 1999, Tenneco Packaging Inc. 
was renamed Pactiv Corporation ("Pactiv"). 

3. I am aware of the Office Action dated August 2, 2005, and have read the portion 
of the Office Action discussing the phrase "turns brown in a natural time period." This phrase is 
used in independent claims 1, 22 and 161 and disclosed in the patent application at, for example, 
page 11, line 29 - page 12, line 15. 

4. The phrase "turns brown in a natural time period" is a phrase that is used and 
understood by those skilled in the art. This phrase has been used in correspondence related to 
meat-packaging systems between retailers and myself Specifically, this phrase has been used by 
those skilled in the art in the context of the color of the meat pigment. It is important to retailers 
and food packers that the color of the meat pigment not be fixed and turns brown in a natural 
time period. 

5. One example of this phrase being used in the published literature is shown in 
Exhibit A (Principles and Applications of Modified Atmosphere Packaging of Food). On page 
283, the literature discusses the effect of the meat turning brown in connection with 
conventionally overwrapped trays and also discusses that the color stability is limited on the 
shelf-life depending on type of meat (muscle). 

6. The portion "turns brown" of the phrase "turns brown in a natural time period" 
means that the piece of meat has some brown, but does not mean that the piece of meat has to be 
100% brown. Retailers and food packers use the phrase "turns brown" in the context of whether 
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most customers would consider the color of the meat pigment undesirable such that the 
customers would not purchase the meat. The phrase "turns brown" is frequently used by retailers 
and food packers and, thus, is not indefinite. 

7. The term "natural time period" of the phrase "turns brown in a natural time 
period" cannot be uniquely defined because the color of the meat pigment varies between the 
type of meat and the conditions for displaying such meat. See page 20, lines 17-26 of the present 
application ("The display times varied based on product type, initial microbial loads and storage 
conditions."). The natural time period for the meat pigment turning brown is not the same 
between ground beef, strip loins (strip steaks), inside portion of inside round steaks, outer portion 
of inside rounds steaks, and tenderloins. For example, the natural time period in which the meat 
pigment turns brown is about 4 days for strip steaks, while the natural time period in which the 
meat pigment turns brown for tenderloin is about 1 day. 

8. I am not aware of any standard test for determining the color of the meat pigment. 
The most common type of testing for determining the color of meat pigment is a visual 
inspection to determine whether the color of the meat pigment is acceptable for sale. As 
discussed in the patent application, the color of the meat pigment can be visually determined. 
Page 20, line 27 - page 21, line 6 of the present application. In the examples of the present 
application, the color of the meat pigment was visually determined using a five-point scale where 
1 = very bright red, 2 = bright red, 3 = slightly dark red or tan, 4 = moderately dark red or tan, 
and 5 = extremely dark red or brown. Page 20, lines 28-30 of the present application. If the 
score was 3.5 or less, than it was visually determined that the meat pigment was an acceptable 
color. Page 20, lines 30-31 of the present application. 
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9. Alternatively, there are other tests that are used to determine the redness of the 
mea t pigment. One example of a test for redness was disclosed in the present application at page 
21, lines 7-16. In this test, examples were instrumentally analyzed for redness (a*) using a 
colorimeter or photometer. See page 21. lines 8-1 1 of the present application. Normally, a* 
values (higher values indicate more redness) are highly correlated to visual appraisal. Page 21, 
lines 12-13 of the present application. This type of test is not more accurate than a visual 
inspection by those skilled in the art because the color of the meat pigment does not degrade in a 
uniform fashion. Thus, some portions of the meat pigment may be brown and other portions of 
the meat pigment may be red, which may make the a* test less accurate than visual inspection. 

10. In summary, the phrase "turns brown in a natural time period" as used in the 
context of independent, claims 1, 22 and 161 is understood by those skilled in the art and is not an 

indefinite phrase in this context. 

11. 1 hereby declare that all statements made of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and. further, that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment or both under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 



Date: N ove mber 2. 2005 




4 




BEST AVAILABLE COPY 



Mir 



Published by 

Blackie Academic & Professional, an imprint of Chapman & Hall, 
Wester Cleddens Road, Dishopbriggs, Glasgow G64 2NZ, UK 

Chapman & Hall, 2-6 Boundary Row, London SE1 8HN, UK 

Blackie Academic & Professional, Wester Cleddens Road, Bishopbriggs, 
Glasgow G64 2NZ, UK 

Chapman & Hall Inc., 29 West 35th Street, New York NY 10001, USA 

Chapman & Hall Japan, Thomson Publishing Japan, Hirakawacho 
Nemoto Building, 6F, 1-7-1 1 Hirakawa-cho, Chiyoda-ku, Toyko 102, 
Japan 

DA Book <Au5t.) Ply Lid, 648 Whitchorse Road, Mitcham 3132, Victoria, 
Australia 

Chapman & Hall India, R. Seshadri, 32 Second Main Road, C1T East, 
Madras 600 035, India 

First edition 1993 

© 1993 Chapman & Hall 

Typeset in I0/I2pi Times by Blackpool Typesetiing Services Ltd, 
Blackpool 

Printed in Great Britain by St Edmundsbury Press, Bury Si. Edmunds, 
Suffolk 

ISBN 0 7514 0084 X 

Apart from any fair dealing for the purposes of research or private study, 
or criticism or review, as permitted under the UK Copyright Designs and 
Patents Act, 1988, this publication may not be reproduced, stored, or 
transmitted, in any form or by any means, without the prior permission in 
writing of the publishers, or in the case of reprographic reproduction only 
in accordance with the terms of the licences issued by the Copyright 
Licensing Agency in the UK, or in accordance with the terms of licences 
issued by the appropriate Reproduction Rights Organization outside the 
UK. Enquiries concerning reproduction outside the terms stated here 
should be sent to the publishers at the Glasgow address printed on this 
page. 

The publisher makes no representation, express or implied, with regard 
to the accuracy of the information contained in this book and cannot 
accept any legal responsibility or liability for any errors or omissions that 
may be made. 

A catalogue record for this book is available from the British Library. 



BEST AVAILABLE COPY 




if ■* 



3 .y 



D 
O 
c 

O 

Ml 



o 




3 



— » o a> c c 

- 2 o u « 

*r (u cu — i. 

g a. a 'C s 

a P £ u u 

r, K -5 r " 



c 



S .re 



. o .5 ^ E 
o - .2 " 

§ o "2 .2 

. ra o 



V 3 

5 1/3 

lo *o "3 w ob 

« Si V. 3 * -SP - 

>, c, to « 1: o> its 

cj x. o «u *« ** - 

_ *-g -5 « g k o - 

« C M 0? v 2 

cs ■•■* .E .E .c rt 



::: •= -5 -5 2 < 

S Si a .S h 



*" v t-* T ■ 

•- °« 0> w PJ 4= , 

£ « -° 2 a w 

*H -o c .2 - ■ 



! 2 .S .8 
| -S E -a 

: c 3 o 

* f» E 3 
1. "> c ~ 

s " I 8 

jo — -a 
.2 .2 0 
u 1H o 
u> »- 2 

"is- 



; -o -o 3 >. re 



■5 « « 

° ~ _ 

o — - 

■= > 

— c 



t3 ^ 



S 3 



E > 
P "3 5 
52 



,5 — ^2 re 



^ 0 2 53 * f 

■ *** >\ C v re 

■S 5 5 6 s ^ , 

£ S « « •£ 3 ! 



' 5 re 
! o w u 

! 3c 5 

; e e >• 

1 v =» e 

3S: 

E « 



2 § 



2 ^ c £ - 



: j= c 9 - 



2 "5 "r 



re a> 
jl> rd - 

aJ 6 



E o -o 



C g 5^ 

OJS c 

a re o 

E -a v 
"""HE 

M O w 

o 

E o 



E t 

— c 

ca ~ 



a- 

57 a 



^ 00 
6 2 

0 . 
-a 

-a o 
a; O 

1 1 

JE T3 
00 d 



<u - C o — 




to 



!H " 0 — 



E v — 



E o w o 
o *o - re 



E 



— «u o S 
re * 2 „ 



•5 c 

S8 



c ai — o -r; 
2 .5 5 « y 
50 J y 



o y -o o 
w o H ^ 

S I go a-g g-S^ 

o e = ai - - 

8 ^ g - 
5 11 



■o S 
w *< 00 
c o> - 

•= =5 C -o g 
jo o 1 

& w g 



"a S 



^' u t ^ ni ~: 
^^^'"r-re i^ 



^ >. O 

3 IE c "2 £ 
g 3 y re u 

o w 



rsl fc 5:; 



re v> v! E 



= -g c5? ^ S>-o 

S 2 « 0 £ 



H 2 



« 2 N O ™ Q. 



c 



a 
E 

V 

PC 



^- o . li O ..5 • p 1 

S S C H *.S 5 x - '5 

too _ re 0 r- 

to O 0 fc 



^ CO 
4= -C O *^ T> 



C 



O ° O O , u 

g •» 3 5 s > 

zZ S ™ r 1 art 

o 



wj c T Q« 

E o rt S- 8 o 

iS ^5 — t* w r» r* C, 



43 
T3 



3 
3 

O 



re - n 1 - 

C! jQ n t -r, 

I « e si c 2 = o> 

3areo-Qd : - i oo = ; -.re> >«* 

o •« « & ^ rt " -o s a 5 ... * S £ g 
o a c .5 J *^ b !J o S & o 2 fe 

?l^;"'o 55 g e so.- =» 8S-- 

2f o S*5 c o ^ -o ^. 00 f fcr . 



1 ^ 




O 



_ c 5 2 « ^ S S ~ 3 P -§ 
°' s £ ^fe c 8 -s K 8 2 s, o e &-° if 9 



a:-2 



5 " o 



1- o 



— x; - 



9 E & 



<u « C 
•* K *-J 
ra c v 



s 2 - « a §■ « 

o .v -a „ E^^^^loj;,^ 
' E 10 ^ £ g. | 

s/> 



See 



d> *>\ > 

> c: w 

& I ^ ^ £ > 

2 § n P " 



0 ™ E 



w .5 

>, u C 3 ^ w' >. 

4J S ? J - J= = "* 



T3 

'5 2 



> c 
O re 



DO * 



it rt ^ c 



c 



NO 



E g re go 

V > re x 

j= ^ ir 0 

o c — w 

- 5 § 

— — 3 *L» 

> x: u ts 
15 



T3 

O — 

xi j_ 

6 S S 5 

^» 3 JE 

:5 0 k j= 

P w « u 5 X O 

.si a c 3 r 

re 5> "5» "tS. n. 
o — V ^ ° 

'S w '3 jS 

5 e/i O C « 2 P 



*■ £ c % 

E — JS 



6EST AVAILABLE COPY 



"in the united states patent and trademark office 
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09/915,150 
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July 25, 2001 
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Robert A. Madsen 



Docket No. 



47097-01080 



FIFTH DECLARATION OF GARY R. DELDUCA 
UNDER 37 C.F.R. S 1.132 



Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313 



Dear Commissioner: 



CERTIFICATE OF MAILING 

37C.F.R. 1.8 



I hereby certify thj 
Postal Service as 
Amendment, Coi 
Virginia 223 1 3 on 



i correspondence is being deposited with the U.S. 
| Mail in an envelope addressed to: Mail Stop 
,P O. Box 1450, Alexandria, 




I, Gary R. DelDuca, declare that: 

1. I hold a degree of B.S. in Mechanical Engineering From Rochester Institute of 
Technology in Rochester, New York that was obtained in 1980. 

2. From 1980-1995, I worked as a developmental and senior engineer for Mobil 
Chemical Company, Plastics Division. As a developmental engineer, I worked in process and 
product development in the area of foam products. As a senior engineer, some of my 
responsibilities included designing specialized machinery that included machinery directed to 
stacking trays for meat processes. Mobil Chemical Company, Plastics Division was purchased 
by Tenneco Inc. in 1995. From 1995 to the present, I have been a Technical Manager for 
Tenneco Packaging Inc. in the area of modified atmosphere packaging (MAP) for meats. My 
responsibilities have included designing, developing, and implementing such modified 
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atmosphere packaging for meat and processes using the same. In 1999, Tenneco Packaging Inc. 
was renamed Pactiv Corporation ("Pactiv"). 

3. In the Office Action dated January 25, 2006, it is stated that Woodruff "teaches 
surface contact of a meat with CO to maintain a red color, will have CO removably associated 
with the meat". Page 5. 

4. Woodruff does not teach or suggest that the color of the meat pigment turns 
brown in a natural time period. For example, Woodruff in Example 1 discloses a 0.5 lb. 
beefsteak that was exposed to 0.5% CO, which was nearly all absorbed two days later. See col. 
4, lines 34-48. After being exposed in a modified atmosphere that included 16% oxygen, "the 
beefsteak retained its good red color, and the carboxymyoglobin color had penetrated no more 
deeply than it had at the end of the two days." See Col. 4, lines 49-54. This passage implies that 
the carboxymyoglobin color was still retained within the beefsteak after 6 days despite being 
exposed to an atmosphere with a generally similar amount of oxygen as in air (compare about 
21% oxygen to 16% oxygen). It would be expected to one skilled in the art that the beefsteak 
would turn brown in about 2-3 days, depending on the cut of meat. Thus, this example clearly 
shows that the beefsteak of Woodruff in Example 1 did not turn brown in a natural time period, 
but rather "fixed" the color of the meat pigment. Similarly, in Example 1 of Woodruff, a 0.5 lb. 
beefsteak exposed to 2.5% CO under similar conditions also retained its good color after 6 days. 
See col. 4, line 55- col. 5, line 6. 

5. None of the other examples of Woodruff supports a modified atmosphere package 
wherein the CO associated with the raw meat is adapted to be removed such that the color of the 
meat pigment is not fixed and turns brown in a natural time period. Rather, the other examples 
of Woodruff generally disclose the condition of the meat pigment while being stored in a 
modified atmosphere containing CO. 
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6. In summary, Woodruff does not disclose, teach or suggest that the use of CO on 
meat pigment turns brown in a natural time period, but rather Woodruff teaches and suggests 
"fixing" the color of the meat pigment in Example ] . 

7. Koch discloses that "[ojf course, if desired, the final cuts rather than just the primal 
cuts may be individually wrapped in the cover such as shown in FIGS. 1 and 2, this cover 
preferably being replaced with a conventional cover by the retailer." Col. 3, lines 13-16. This 
passage, however, does not disclose, teach or suggest that the color of the meat pigment is not 
fixed and will turn brown in a natural time period. Furthermore, this passage has nothing to do 
with the statement in the Office Action directed to Koch on the meal color ("Koch et al teach a 
meat,surface that has been exposed to CO for 7 days during storage under a modified atmosphere 
will remain red in color for 3 days after being removed from the modified atmosphere packagcf] 
and packaged in conventional wrapper at[] the retail outlet"). See page 5 of the Office Action, 
(lather, Koch discloses 'Tw]hen the primal cuts arrive at the retail outlet, the covers are removed 
and the meat is cut into individual steaks, roasts, etc. which may be separately wrapped in 
conventional wrapping materials. It has been found that meat will release a saleable red color for 
as long as 1p days when covered with the cover herein described for the first seven days and with 
a conventional cover for the remaining days ") Col. 3, lines 5-13 of Koch (underlining added). 

v, .. r vr:?; I hereby declare that all statements made of my own knowledge arc true and that 
all statements made on information and belief are believed to be true; and, further, that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment or both under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 



Date: Mav 24 20 0ft 
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Mail Stop Amendment 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, Virginia 22313 

Dear Commissioner: 

I, Gary R. DelDuca, declare that: 

1. I hold a degree of B.S. in Mechanical Engineering From Rochester Institute of 
Technology in Rochester, New York that was obtained in 1980. 

2. From 1980-1995, I worked as a developmental and senior engineer for Mobil 
Chemical Company, Plastics Division. As a developmental engineer, I worked in process and 
product development in the area of foam products. As a senior engineer, some of my 
responsibilities included designing specialized machinery that included machinery directed to 
stacking trays for meat processes. Mobil Chemical Company, Plastics Division was purchased 
by Tenneco Inc. in 1995. From 1995 to the present, I have been a Technical Manager and/or 
Technical Sales Manager for Tenneco Packaging Inc. in the area of modified atmosphere 
packaging (MAP) for meats. My responsibilities have included designing, developing, and 
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implementing such modified atmosphere packaging for meat and processes using the same. In 
1999, Tenneco Packaging Inc. was renamed Pactiv Corporation ("Pactiv"). 

3. In The Office Action dated August 10, 2006, one of the arguments raised with 
respect to commercial success was that "it is not clear if the claimed invention resulted in the 
commercial success or whether other factors contributed to the success, such as increasefd] 
advertising/marketing." Page 10 of the Office Action. I wish to provide additional evidence 
showing that the Pactiv improved ActiveTech® meat packaging system and process have been 
commercially successful without increased advertising/marketing. 

4. Pactiv and its predecessor Tenneco Packaging Inc.' have sold modified 
atmosphere packaging systems beginning in 1998 (the traditional ActiveTech® meat packaging 
system). The Pactiv traditional ActiveTech® meat packaging system includes meats being 
placed in polystyrene trays and covered with oxygen-permeable, polyvinyl chloride ("PVC") 
overwraps. The wrapped trays of meat are then placed in an outer barrier bag. Ambient air is 
removed and replaced with a blend of 30 vol.% carbon dioxide, and the balance being nitrogen. 

5. Beginning in March of 2002, Pactiv began offering for sale an improved 
ActiveTech® meat packaging system. Pactiv's improved ActiveTech® meat packaging system 
includes meats being placed in polystyrene trays and covered with oxygen-permeable, PVC 
overwraps. The wrapped trays of meat are then placed in an outer barrier bag. Ambient air is 
removed and replaced with a blend of 0.4 vol.% carbon monoxide (CO), 30 vol.% carbon 
dioxide, and the balance being nitrogen. 

6. The modified atmosphere used in Pactiv's improved ActiveTech® meat 
packaging system differs from the modified atmosphere used in the Pactiv's traditional 
ActiveTech® meat packaging system. Specifically, Pactiv's improved ActiveTech® meat 
packaging system uses 0.4 vol.% CO, while Pactiv's traditional ActiveTech® meat packaging 
system does not use CO. Because of the addition of CO, the equipment used in Pactiv's 
improved ActiveTech® meat packaging system may vary slightly as compared to Pactiv's 
traditional ActiveTech® meat packaging system. Specifically, a mixer may be added to Pactiv's 
improved ActiveTech® meat packaging system to mix the CO, carbon dioxide, and nitrogen. 



1 These will be collectively referred to Pactiv Corporation in the remainder of the declaration. 
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Additionally, a CO gas recovery hood and safety features may also be included in Pactiv's 
improved ActiveTech® meat packaging system. 

7. The purchasers of either Pactiv's improved ActiveTech® meat packaging system 
or Pactiv's traditional ActiveTech® meat packaging system receive a license for the process and 
the knowledge to run such a process. Pactiv allows its customers to use its oxygen-absorber 
dispensing-machine at no cost. The remaining machinery used to perform either Pactiv's 
improved ActiveTech® meat packaging system or Pactiv's traditional ActiveTech® meat 
packaging system is purchased by the customer. Typically, this remaining machinery is sold by 
Pactiv to its customers. The customers also typically purchase the oxygen absorbers, trays, and 
film from Pactiv. 

8. As shown below in the Table, sales of Pactiv's traditional ActiveTech® meat 
packaging system were decreasing in 2000 and 2001. The sales of Pactiv's improved 
ActiveTech® meat packaging system, however, have substantially increased since its 
introduction in March of 2002. The sales of Pactiv's improved ActiveTech® meat packaging 
system have been commercially successful with sales numbers of about or over 6 million in each 
of the years since 2003. The sales numbers below include the total of the purchased licenses, the 
purchased remaining machinery, and supplies (which include oxygen absorbers, activator fluid, 
and film). 
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TABLE 



U.S. Sales Year 


Sales of Traditional 
ActiveTech® (in millions) 


Sales of Improved 
ActiveTech® (in millions) 2 


1998 


0.5 


0 


1999 


3.8 


0 


2000 


2.6 


0 


2001 


1.6 


0 


2002 


0 


2.8 


2003 


0 


7.2 


2004 


0 


7.1 


2005 


0 


6.5 


2006 


0 


4.5 3 



9. Since March of 2002, both Pactiv's improved ActiveTech® meat packaging 
system and Pactiv's traditional ActiveTech® meat packaging system have been available for 
sale. Since March 2002, no customer has purchased Pactiv's traditional ActiveTech® meat 
packaging system. In fact, every customer still practicing Pactiv's technology has converted its 
traditional ActiveTech® meat packaging system into Pactiv's improved ActiveTech® meat 
packaging system. Thus, to my knowledge no customer is still practicing Pactiv's traditional 
ActiveTech® meat packaging system. It can be concluded that these customers prefer the 
Pactiv's improved ActiveTech® meat packaging system over Pactiv's traditional ActiveTech® 
meat packaging system. The cost of Pactiv's improved ActiveTech® meat packaging system 
versus Pactiv's traditional ActiveTech® meat packaging system is fractionally more expensive. 
Thus, the commercial success of Pactiv's improved ActiveTech® meat packaging system cannot 
be attributed to a cost advantage. 



Pactiv's improved ActiveTech™ meat packaging system was not offered for sale until March 
2002. 

3 Sales through September of 2006. 
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10. Since 2002, there has been no increase in the number of sales personnel from 
Pactiv who are responsible for sales of Pactiv's improved ActiveTech® meat packaging system. 
In fact, the number of sales personnel who are responsible for sales of the Pactiv' s improved 
ActiveTech® meat packaging system have decreased since 2002. There has been little or no 
advertising directed to sales of Pactiv's improved ActiveTech® meat packaging system since 
2002. The amount of advertising, if any, has not increased since 2002 and likely has decreased 
substantially from that directed to Pactiv's traditional ActiveTech® meat packaging system. 
Thus, the commercial success of Pactiv's improved ActiveTech® meat packaging system cannot 
be attributed to increased marketing/advertising. 

11. The process of manufacturing using Pactiv's improved ActiveTech® meat 
packaging system is an example of a process that would be covered under independent claims 1, 
22 and 161 of the present application. 

12. I hereby declare that all statements made of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and, further, that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment or both under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 
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2. From 1973-1975, I worked as a research chemist for Tennessee Eastman Company 
in Kingsport, Tennessee in the health and nutrition division. Since 1975 to the present, I have 
held various professor positions at Kansas State University. Since 1991, I have been the Chair of 
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the Undergraduate Food Science Program at Kansas State University. I have taught several 
courses over the years at Kansas State University and some of those courses include the 
following: Meat Science, Processed Meat Operations, Advance Meat Science, Food Science 
Seminar, Topics in Meat Science and Muscle Biology, Meat Processing, and Livestock and Meat 
Evaluation. I have also performed numerous research projects in Meat Science and Muscle 
Biology including major emphasis on pigment chemistry, meat color, meat packaging, and factors 
effecting microbial soundness (shelf life) of meat. Thus, I have extensive experience in the 
processing of meat using modified atmosphere packaging. 

3. My curriculum vita (attached as Exhibit A) details my professional affiliations 
related to animal science and meat science. 1 have served as President of the American Meat 
Science Association in 1995-1996, Chair of the Meat Science-Muscle Biology Section of National 
American Society of Animal Science ("ASAS"), Chair of the Midwestern ASAS Meat Science 
Section, and Chair of the Muscle Foods Division of the Institute of Food Technologists. I have 
been on the Editorial Board of the publication entitled "Journal of Muscle Foods/' I also perform 
manuscript review for several peer-reviewed scientific publications including "Meat Science", 
"Journal of Muscle Foods", "Journal of Animal Science", and "Journal of Food Science 

4. I assisted in preparing some of the information included in Pactiv's GRAS notice 
(Exhibit B) that was filed with the Food and Drug Administration (FDA) on August 29, 2001. 
The specific modified atmosphere packaging (MAP) system that was presented in the GRAS 
notice as a meat packaging system containing 0.4 vol.% CO and was referred to in the notice as 
Pactiv's ActiveTech® meat packaging system. The ActiveTech® meat packaging system placed 
meat in polystyrene trays, which were covered with oxygen-permeable, polyvinyl chloride (PVC) 
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overwraps. The wrapped trays of meat were then placed in an outer barrier bag. Air was 
removed and replaced with a blend of 0.4 vol.% CO, 30 vol.% carbon dioxide, and the balance 
being nitrogen. 

5. I performed a series of tests on the effects of the ActiveTech® meat packaging 
system with CO on fresh meat color, color stability, and shelf life. The conclusions reached for 
the ActiveTech® meat packaging system with CO were: (a) the color of Pactiv's ActiveTech® 
meat packaging system using CO resulted in products that were equally red to products packaged 
with traditional oxygen permeable overwrap; (b) color deterioration of meat during simulated 
retail display in Pactiv's ActiveTech® meat packaging system using CO compared well to 
products packaged with traditional oxygen permeable overwrap; (c) bacterial growth was neither 
encouraged nor suppressed by adding CO to Pactiv's ActiveTech® meat packaging system; and 
(d) CO in the ActiveTech® meat packaging system neither masked spoilage, nor extended color 
life beyond the point of microbial soundness. I further concluded that Pactiv's ActiveTech® meat 
packaging system using 0.4 vol.% CO might be eligible for GRAS status. 

6. The results of the testing were surprising to me because it was understood by 
those skilled in the art that CO fixes (creates a stable form of myoglobin that could mask spoilage) 
the color of the meat pigment to red. This is believed to be the reason on why CO had not been 
allowed to be used with fresh meat in the United States for many years. Pactiv's ActiveTech® 
meat packaging system using 0.4 vol.% CO, however, did not fix the color of the meat pigment to 
red. Rather, the meat pigment turned brown (discolored) in a pattern typical of retail meat in 
display but packaged in a standard supermarket format (foam tray and PVC overwrap). This was 
a novel result and was not at all obvious due to the current and long standing thought that meat 
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exposed to CO would develop a color that would mask spoilage. In other words, the pigment of 
the meat when exposed to CO would produce an extremely stable form of the pigment, but this 
did not happen in the Pactiv Active Tech® system. 

7. Prior to Pactiv's ActiveTech® meat packaging system using 0.4 vol.% CO, there 
was a need in the industry to provide a solution that: (a) reduced the seasoning period (the critical 



chemistry); (b) formed consistently a normal bloomed color with meats whose pigment is sensitive 
to metmyoglobin formation; and (c) avoided the fixing of too stable of a meat color, which can be 
unsafe and potentially dangerous, if the color stability was greater than the shelf life (microbial 
soundness) of the product. Such a solution was especially desirable for a centralized packaging 
facility where the meat would be shipped to distant locations. Pactiv's ActiveTech® meat 
packaging system using 0.4 vol.% CO was a new and novel approach that addressed these 
technological needs. 

8. I hereby declare that all statements made of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and, further, that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment or both under Section 1001 of Title 18 of the United States 
Code, and that such willful false statements may jeopardize the validity of the application or any 
patent issuing thereon. 



time meat is exposed to low partial pressures of oxygen, which can seriously damage the pigment 



Date: & ~( M -frU 



Dr Melvin C. Hunt 
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August 29, 2001 

Division of GRAS Notice Review 

Office of Food Additive Safety 

Center for Food Safety and Applied Nutrition 

Food and Drug Administration 

200 C St., SW 

Washington, DC 20204 

Re: NOTIFICATION OF CLAIM FOR GENERAL RECOGNITION OF 
SAFETY OF CARBON MONOXIDE IN A MODIFIED ATMOSPHERE 
SYSTEM FOR PACKAGING FRESH MEAT, submitted by Pactiv 
Corporation 

To the FDA: 

Enclosed is the NOTIFICATION OF CLAIM FOR GENERAL RECOGNITION OF 
SAFETY OF CARBON MONOXIDE IN A MODIFIED ATMOSPHERE SYSTEM FOR 
PACKAGING FRESH MEAT, submitted by Pactiv Corporation, 1900 West Field Court, 
Lake Forest, Illinois 60045, c/o the undersigned counsel, consisting of pages 000001 00 1' 
through 000250. 

Please note that this submission contains Confidential Business Information that 
Pactiv Corporation desires not to be revealed to Freedom of Information Act 
requestors and other members of the public. In the first copy of the submission 
following this letter, the Confidential Business Information has been redacted. For 
ease of reference, a list indicating which pages contain redactions is attached. 

Five complete copies of the submission are enclosed, including the one that has been 
redacted. 

If you have any questions, please contact me at 312 977-4647. 




Enc. 



000001.001 



cfgreenbcrg@uhlaw.com 
35O0 THREE FIRST NATIONAL PLAZA. CHICAGO, ILLINOIS 60602-42 
PHONE: 312-977.4647 FAX: 3 1 2-977-4405 
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ATTACHMENT 1 



August 9, 2001 



Division of GRAS Notice Review 
Office of Food Additive Safety 



Pactiv Corporation 

Technology Center 
2651 Brickyard Road 
Canandaigoa, New York 14424-1026 



Center for Food Safety and Applied Nutrition 
Food and Drug Administration 
200 C St, SW 
Washington, DC 20204 



Re: Authorization of counsel regarding 

NOTIFICATION OF CLAIM FOR GENERAL 
RECOGNiTION OF SAFETY OF CARBON MONOXIDE 
IN A MODIFIED ATMOSPHERE 
SYSTEM FO R PACKAGING FRESH MEAT 

To the FDA: 

Please take note that Pactiv Corporation, with headquarters at 1900 West 
Field Court, Lake Forest, Illinois, 60045, authorizes its attorney Eric F 
Greenberg, 3500 Three First National Plaza, Chicago, Illinois 60602, to represent 
it and communicate on its behalf in all matters regarding Pactiv's NOTIFICATION 
OF CLAIM FOR GENERAL RECOGNITION OF SAFETY OF CARBON 
MONOXIDE IN A MODIFIED ATMOSPHERE SYSTEM FOR PACKAGING 
FRESH MEAT. 



For PACTIV CORPORATION 



By: Vinod K. Luthra 
General Manager 
New Business Development 
2651 Brickyard Road 
Canandaigua, New York 14424 



Sincerely, 




nnnnRi 



Summary regarding Pactiv Corporation 

Pactiv Corporation, 1900 West Field Court, Lake Forest Illinois 

arou dte 9 %T ' ri BdVanced PaCka9in9 so " Jtions 

around the world. The company employs 17,000 oeoDle in 87 

facilities worldwide. Annual revenues exceed $3 billion. 

Pactiv manufactures, markets and sells plastic and D a D er- 
based consumer products and food/foodservice packaging as well Is 
protective and flexible packaging. Approximately 80% of itfreTenul 
comes from products made from different types of plastics wrth "hi 
balance from paper and aluminum products. 

The company's products include a wide range of items for 
consumers, food processors, supermarkets, foodservice enS and 
«LZ ns,ru ?°\ automotive, computer, electronic, furniture and 

Zl L 9 d$ HK US,r !f S - The consumer P roduc * are sold under 
such recognized brand names as Hefty® . Baggies® Hefty Ont 
Zip® , Kordite™ and E-Z Foil®. ^ 

Pactiv further fuels internal growth by developing and 
commercializing proprietary new products and by designing value 
fnnnl^ ' ne ex ! ensions - 'n 1998, the consumer products and 

T Ce / aC ^ 9in9 business deduced over 80 new 
products and product-line extensions. In the protective and flexible 
packaging business, where custom design services drive r^enuel 
Pactiv developed over 500 custom product applfcat onsTnTgIs 
New product innovations include ActiveTech™ packaging a 
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^ The pages immediately following illustrate: 

1 * ?h n n!?n^K 0f ^ phot °9 ra P h on the first page, an example is 
shown of the structure utilized for both ActiveTech™ and 
AT2001 incorporating tray, flexib* overwrap, outer bag and 
activated oxygen scavenging s?^et. 

2. The second page of photographs show examples of ground 
meat color during the first, second, third and fourth days of 
display after packaging in (1) Hi-oxygen; (2) AT2001 
atmosphere (referred to in captions as "Short Gas" 0 4% 
CO/35% C02/64 6 N2), and after being held in thai atmosphere 
for 20 days; and (3) Fresh. 

3. The third page of photographs show examples of whole muscle 
meat (top round steak) color during the first, second, third and 
fourth days of display after packaging in (1 ) AT2001 
atmosphere (referred to in captions as "Short Gas" 0 4% 

foS C02/6 . 4 ;, 6 , N C 2) ' and after bei "9 held in ,hai ^Phere 
for 20 days; and (2) Fresh cut. 
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ATTACHMENT 3 



™ A 5%S A A 5SS^ m food A ™ 

r Th l S W , . ica,io ? is based on *« document "Presentation of an application for as S «< m ,n, «r 

Cn^u V C P r r, ° r 10 " 2U,horisation ". Omce for Official Public ton of the EuolZ 
Communities, Luxembourg, 1989, ISBN 92-826-0135-8). European 

PART I. ADMINISTRATIVE DATA 

LI. Applicants: Altogether, the two applicants represent the total meat industry inNorway 
Applicant no. 1: 

The name of the applicant: 

Norsk Kjattsamvirke (Norwegian Meat Cooperative) 
Address: 

Lorenveien 37 
P.O.Box 360 Okern 
0513 Oslo, Norway 

Other means of communication: 

Telephone: +47 22 09 21 00 
Fax: +47 22 15 59 08 

Applicant no. 2: 

The name of the applicant: 

Kjcttbransjens Landsforbund (The Norwegian Independent Meat A«^; a ,- ^ 

private meat industry in Norway "penaent Meat Association) - represents the 

Address: 

Karoline Kristiansensvei 2, Fyrstikktorget 
P.O.Box 6279 Eneritad 
0603 Oslo, Norwav 

Other means of ccmmunication: 

Telephone: +47 23 24 44 70, Fax: +47 23 24 44 80 
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1.2. The nnme of the mnnufacturer(s) of the substance: 

RIVOIRA S.P.A., Stabilimento Chivasso gas, Via cardinal Massaia 75L, 1-10147 Torino, Italy 

1.3. The nnme of the person responsible of the dossier: 

o\ r e n C i di iJ Ct0r Tt f Norwegian Meat Research Centre, P. 0. Box 396 Okern. 

051, Oslo, Norway. Telephone +47 22 09 23 99, Mobile phone +47 9 87 81 4?F« +4722 22 
00 1 6, e-mail: truls.nesbakken@fagkjott.no 

1.4. The table of contents of dossier 

This dossier is sent through the Norwegian Food Control Authority (Statens 
nsr.ngsm.ddelt.lsyn). Together with this document follow as enclosures: 

1) Nissen, H., Alvseike, 0., Bredholt. S., Hoick. A. and Nesbakken, T (submitted) 

Packaging of ground beef in an atmosphere with high carbon dioxide carbon 

restra.ns growth o f Escherichia coli 01 57:H7, Listeria M**w!^j££* 
enterocolmca znd Salmonella diarizonae In- Tuiitelaars ACT 

4) Sorheirn, 0. (1996) Discoloration of meat as an indicator ofteta.es in packaws 
containing a CO gas mixture. Report, Matforsk. 5 pp. S P«««gei 

5) Serheim. O Aune, T. and Nesbakken. T. (1997a) Technolosical, hysienic and 
topological aspects of carbon monoxide used in modiried-atmosphe wckalin. „f 
meat. Trends in Food Sri. Technol. S. 307 - 312 imospnere packaging of 

6) Sorheim O, Nissen. H ,„d Nesbakken. T. (1999) The storage life of beef and oork 
packaged inan atmosphere with tow carbon monoxide and high carbon "l^L Sci. 
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7) 
8) 

9) 



Letter from the director of Swedish Meats (which is the orcanisation of the . 
cooperate) supporting the Norweg ,, n J, 



itute supporting the Norwegian meat industry's 



. , * w Bl uiuujujr 5 A55C 

industry s application to the EU Commission 
1 1) Letter from the Finnish Meat Research Inst 



application to the EU Commission 

PART II. TECHNICAL DATA 
D.l. Name of the substance 

nanus in the JUPAC nomenclature: carbon monoxide 
• Cher name, (usU ai n» rtraJl name/,,™,™ carbon oxide, carbon monoxide) 

- abbreviations: CO 

CAS number (if this has been attributed): 630 - 08 - 0 
II.2. Specification of the substance 

- composition (%, m/v, mg/kg), e.g. in the case of heterogeneous products): 100% 
empirical and. structural formula: CO 

molecular weight: 28.010 g/mole 
degree of purity (%): higher than 99.3% 

nature of known .mpuriti^ercn^, of , is „ ifican , , nrt , _,„„, 
: 1 Concentration: ^ 



Impurities: 



Oxygen + Argon 

Water 

THC (Total hydrocarb ons 
Hydrogen + Nitrogen 



<2500vpm 
I < 20 vpm 




physical form (liquid, pow der, etc.): gas 
solubility (e.g. nqueous, organic solvents, lipid): 

nubility in water. O'C, a CO partial pressure ofl01.325 kPa = 3 537 cmVlOO cm 3 <:„i„ht. 
organic solvents and lipid: not relevant - see Part D.6 Exposure ' S ° IUbl ' lty 

other data that the applicant believes may be useful to identify the <„hcf a „, / 
phys.co-chemical properties, analytical dL on dilT.™Sb^ S toS^/** 

Thermodynamic properties of carbon monoxide as ideal gas at 25°C- 
Heat capacity, v 29. 1 42 J/(mol ♦ °K) 
Entropy, S: 197.543 J/(moI * °K) 
Enthalpy: 8.669 kJ/mol 

n.3. Manufacturing process 

Information on the method of r^nuf.ncture (i.e. the rror, v,. , yh : ch f . ' 
ir.ntenr.ls arc convened to the finished product): ' 

The CO-gas is bought from RI VODU S.P.A., Torino. Italy (see 1 2 ) Hydro Riukan 

1 ) Pakkemix NCI - 1 .0% CO + 99% N 2 
The production: 

a) evacuation of an empty cylinder to under 10 mbar 

b) flushing with N 2 , quality 5.0 

c) repeat the evacuation of an empty cylinder to under 1 mbar 

d) manometnc filling with CO, quality 2.3 

e) manometric filling with N 2 quality 5.0 

0 ever)- tenth cylinder is analysed with cas chrom 'tosranh T,o * n * .u 

detector (TCD) ~ n,om - l0 ^ & P tl \GQ and thermoconductivity 

The pressure of the cylinder is 200 bar. 
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2) DNC 29.7 - 0.3 = 0.3% CO + 29.7% N, + 70% CO, 
The production: 



a) evacuation of an empty cylinder to under 10 mbar 

b) flushing with Nj, quality 5 0 

dl Zl^ eV n, Uati0n .°/ 20 tm M c >' Iinder *> 1 '"bar 

d) manometnc filling with CO, quality 2 3 

e) manometric filling with N 2 . quality 5 0 
0 manometric filling with C0 2 . quality 3 0 

S> ZZl'tcS? 6 " '' S 3na ' ySed W " h «» ^ph (GC) *„d .Woconducv 



The pressure of the cylinder is 50 bar. 
D.4. Methods of nnalvsis 



Water: Specific water analyzer - min. detect, limit 0.1 vpm (RIVOIRA S P A ^kt 
Chnasso gas, Via cardinal Massaia 75L, 1-10147 Torino! Italy) " Stab,,lment0 

analytical methods for the determination of the additive nnrf U< a. a • 
«J. 5<2 and 570 n m (de^ed) (IS^^g^*™ ™> 0»*«> or 
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n.5. Justification for the additive 
intended use and purpose: 



. ^ etc) packaged 
monoxide (CO) (high C0 2 /!ow CO mixture). J < °* 5% Carbon 

Gas mixtures with low concentrations of rn ,^ v:„t, 

combination of a long miwbWoSSl V^Siv I con «" tr f <'<™ of CO, provide a 

et al., 1999). "S^rob.olog.cal «helf life and a stable bright red colour of meat (Sorheim 

- the quantity to be added to specific foods and the residues in food: < 0.5% CO. 

" S2° nJ °" emCaC> ' ° f SUbS,an " f0r ,he ^ at the level 

The main function of low level* nfm ;« j . 

red colour of the meat throug Ig °b wTm^^V 1 10 SiVe & ^ 

carboxymyoelobin (El-Badawi io2 a» £ u ? m >°Slobin and formation of 
can be obtained ^^SSiSJ iKSSSS^? T"' !" ^ ^ »* ° f ™ at 
myoglobin to metmj oglobin. TOs^lo^ £ > d,SC0 !° l ur « t,on du * to oxidation of 
of CO in the gas mixture Ca boxv^v^ P^ented by including a small fraction 
due to the stroneer Wndta. of O^Sf ^ " 7" . re, ? ,t,m t0 0xidation than °*Woglobin 
19S0). CO in concent °" the m >^ Iob '« moleculeVvolfe,' 

in the presence of air (Lanier et al., 1978) * metn y°*»°Mn reduction, even 

r v n es a H unique combination ^ ^ 

by the low CO level). CO^i^$^^ ^ * red colour (clused 

the colour of the melt (RenerJ S TS di r^tS^SS^ETirS^ 1 '? Jf "° ^"'^ °" 
at a ratio of approximately 1 litre gas per k S tis ue (GHI 9S8 N In ™ at and fat 
microbiolosy nor the colour of thf«,*>/k . 1 ' ^ Nj affects ne «herthe 
absorbed inlne ■^^•C^X^T.*''" "J*** ^ « is ™ 
from U» MA will .Wor, , he ,2^3^ ° f °' 
considerably lonser h the hieh CO-,/!mv rn ■ , , e - 1 ne shelf life of meat is 

hi*. oxygen (0: ) .ppE^SS; — ? used 21r;05phere rf 
the high CCVlow CO mi»ur« will result orJy i^^^Z^ "l™* ""'«< ' 
blood. It is hiehly improbable that CO from mTv^ . f lewl «° f "^haemoglobin in 
consumer (Sorheim e. al., 1 997a). P S S ° f m "' w " " resem a '<"<" <>«at to the 

She.f life i„ ,„e hi8n c 0: /,owCO mixture i„ comparison with aitemativ. packing ...ftodr 
ground beef was packed in clipped chub oack h!! f 2 mi>ftUre) - ln addition 
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^ 2 « SOrl !!« Jh . C packs Were stored in the dark at 4°C or 8 e C for up to 2 1 dav* M M , ;« .t, v- v 

as liSw 0 T u ; e had a stab,e brisht red colour - The ^ 

as limited by off-odours, were 1 1. 14 and 21 days for ground beef, beef loin sleakTand LrlT 
chops respectively. The high 0 2 mixture resulted in an initially bh^ZI^^St^L 
meat, but the colour was unstable and off-odours developed nipidly The off^un^h Jf 
were caused by 

absorber developed off-odours and microflora similar to those of meat in low COW ah CO 
CO/h.gh C0 2 atmosphere „ effective for preserving retail-ready meat (Scrheim et al.. 19%). 
Aspects of spoilage: 

Consumers may evaluate the shelf life of packaged meat based on its colour A noiiihlt „ M .,- 
aspect of us.ng CO in modified atmosphere packaging (MAP) of re ail m!a * u P . J 

Sufficient shelf life can only be obtained throuah a pnpJo^^n^^l ? \ ' 
production, packaging, chill chain and retail c^^&^i^ W 

Pathogens in the high C0 2 /low CO mixture in comparison with alternative packaging methods: 

Growth of the pathogens Yersinia enterocoliiica. Listeria monocvtoeene* F,rho..;,u ■ ,■ 
0157:H7 and strains of Salmonella was compared in gro^^fS^^^rn 
mixture, high 0 2 mixture and in chub packs The vo^uJ^^u?^?W™ C ° 
nalidixic acid/streptomycin-resistant sLns (R^^^^^^^^ tt 0r 
4;C and 10'C for up to 14 days. At 4«C the **v£S^£{£^^™^ « 
background flora was prolonged for the high COrfow CO mixture compared to 1 A 
packegmg methods, but at 10°C the shelf life was < 8 days for al the mSo!™ ! * ' 
Growth of Y enterocolUica was nearly totally inhibited ibot at I ^ndfo'ct 
CCVIow CO mixture, while the bacterial numbers in the samp es packed in S,e h ^ O ^ 
increased from about SxlO'bacteria/g at day 0 to about 10« « day^t 4^ ^5^^?" 
Growth m the chub packs was even higher. I. monocytogenes showed venH?ttlI £ £ • 
all treatments. At 10°C there was slow growth of I monnZnlTl? ^ryhttle growth at 4°C in 
to about lOVday 5 in the high CWo^m^^^^ °u 
and the chub packs were abo^t 10 times ^T^of ^ 
ground beef was nearly totally inhibited in both the hiah COVlow rn m \» JV- 
n,,,.. Growth ofE „„ OI5 7:H7 i„ ,h< chub P«^^!iX^^XX 
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5. The Salmonella strains (S. Typhimurium, S. Dublin, S. Enteritidis and S. cnterica «6\ V\ 
5.(7))» in the ground meat stored at 1 0 e C for 5 and 7 days crew to a hiahVZnh?,* \i i- l. 

shelf life at 4»C did not increase growth of Y. enterocolitica and L. LnoeMtw^u^h^r 
stored m the h.gh COj/low CO mixture, but the observed growth of strains ofSZ^ l 
m.xture and in chub packs at the abuse temperature of lo4 does 

temperature control during storage (Nissen et al. 1999; Nissen et al., submitted) mP ° nanCe ° f 
Consumer purchase probability: 

Ground beef, beef loin steaks and pork chops were packaged in high CCMow CO mixture »„H 
h.gh 0 2 m.xture. In addition ground beef was packaged in clipped chut TnacW «S ^ 
were vacuum packaged, and pork chops were packaged in J^^^mWA^S 
with each pack conta.ning an 0 2 absorber. The purchase probMliiy^^ ^^d Sy 
interviewing 126 consumers usually purchasing meat and meat products Th?cS^« v1«..iiv 
compared the samples within each type of meat after 4 days storage at 4«C Th ' cowmen * 
preferred ground beef packaged in the high C0 2 /low CO mixture or the high 0 mixturT 
compared to ground beef packaged in clipped chub packs. Purchase probability w£Id wheB 
pork chops were packaged in the high C0 2 /low CO mixture Pork choos ir ^rwZlV • 
C, absorber, were rated lowest in purchase probabilities. T^^S&'S^C 
eaks was s.m.lar when packaged in the high C02/low CO mixture or fhe hTgh 02 mixture 7*6 
these products were preferred compared to beef loin steaks packaged in vacuum (LtoZigt) 

documentation on the need for the additive: 

Alternatives to the high C0 2 /low CO mixture: 

The most common MA for retail packaging of meat today contains 0 2 at high concentration, 
Itl W ' th C0 >-W™™<}y ™ CV300/. C0 2 . The shelf life of meat iXh £ 
atmospheres in commercial practice, typically at temperatures of 6- S'C i««k^ i a .• • , 
by both microbiological spoilage and discolouration Meal "stored in the h/oK n > >*' Umttd 
spoiled by bacteria like Brecon, ihnnn^J^S^^ w£T^?Z 
h.gh concentrations of 0 2 . the meat normally maintains its brisht red oxvmv^^-' , r ' th 
7 days before the colour starts deteriorating into grey/bro^ l° r 4 ' 

(Sorheim et al.. 1999). This length of time is oftefnot ^d^^^^^^ 
selling the product to 4.5 mill, inhabitants all along the distance fromS^ d ' Sp1a ? n S ™* 
Kirkenes in the north of Norway (about 2700 Mzon^^lo^^T^ W the S0Uth t0 
Rome (about 2600 km)! ' COrres P ond,n S «> the d.stance from Oslo to 

Using high C0 2 . MAs of either C0 2 alone or C0 2 /N 2 with up to 70% CO \ n , r . 

microbiological shelf life of the meat compared to MAs of hi e iQ ^2* 

with the presence of C0 2 retard the microbiological C f °f ined 

in MAs of C0 2 is less satisfactory either as Durole deo«™vXw * the ' o!our of the m "t • 

globin. The meat inevitab.y discSou*^^^ 

avoiding metmyoglobin formation are less than 0.1% O, for beef (£. and \!? " ^±1°' , 
0.50/c 0 2 for pork' (Sorheim et al., 1997b). These low levels ^Yrtin I 1 f uT' l " 5) 
to achieve in most commercial packaging* operations, ^S^^^ 
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and the meat colour. concentrations of CO for stabilisation of myoglobin 

Vacuum is a packaging method commonly used for bulk storage t™„™«.,- 

meat. However, vacuum has not been » „L„« I Tv j , S 1 ' '.^" s P or,a "on and export of 

of the purple ^y^^Zln^tZT 'V, 7**" ° f be " u » 

n,ore,a,^ 99 0,ora,,e?:^ 



Hazard for workers: 



plant would cenainly be such a risk, however CO i« delivered «t C ?° ™ Xin * in the 
or in a 1% mixture together with ^ K^a^^^^^^ ^ 29 7 ' 03 > 
to the NWegian meat industry. This way "f^nXinp rn < h e Pract.ce of gas suppliers 
handling procedure by the health auffi SKl S rec °.S™ed to be a very safe 
handled carefully, because they are eX^ X T^'? ° f 60 " 70% °* mus < *>< 
explosive gas natures, resuS add iUonal cos^ ST'- " "S^' 10 " 5 ^ t0 
oene* of the CO mixture is <^ «^ 

Experience of the Norwegian meat industry: 

• many countries, like the US and EU CO b n,.Jmi7n« a era by the global meat industry. In 
(Cornfonh. , 9 9 <; European P^^Z^ZZTllt TZ!" *"f S 
food control authority has derogated from the EU direc ! i« £ a fwo^^f ^T 5 ?" 
the Norwegian meat ndustry might use CO as a f n m „ nn .n ( Jr V" P r,od ' Accor dmgly, 
up to 0.50/c until October 1, 2000* The highCO 7 * M ln conce "™ion S 
provides a shelf life sufficient for fol^^d^r^ ? 0nly MAP Which 
Norway. The Norwegian meat l^^^^X CO aTT^ pam ° f 
of fresh retail meat products in the mid-eighties Th ^narkefsh^of m,XtUre in packa * in S 
high CO, /low CO mixture in Norway is cu, 1 ., S? ^JS'? mCat packa S ed in th « 

83H). The Norwegian food control S^S!^ 1 ' 0 ™! ^ " h * h « 
of sporadic cases of food borne diseases linked to Z ci ™^ °r ^ * eqUency 

under The Nonvegian Food Control Authority, 19.4.99) ( UflC Committee . 

Support from the European meat industry: 

The meat industry in Sweden has also discovered the hpn^tc, a j 

/low CO mixture in packaging of fresh ^B^Zwlt^\f tU ^ °°> 
the Swedish meat cooperative) and the Swedish Meat Trade A soc a io ,«* I T"™ ° f 
organisation of the private meat industry in Sweden) »p£&^^ U £^, 
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application to the EU Commission (letters enclosed). Also, the Danish Pig Producers and 
Slaughterhouses, the Spanish Meat Industry and the Finnish Meat Research Institute support the 
application (letters enclosed). »uppon me 

benefit for the consumer: 

The high COj /low CO mixture is the only MAP which provides a shelf life sufficient for 
displaying and selling fresh retail meat products in a large geographical area like Norway. 

Food safety and traceability: 

The high C0 2 /low CO mixture enables centralised packaging operations with quality control 
with less risk for cross-contamination than in local butcher shops or by supermark tbac£ tore 
operates. The Norwegian meat industry already produces pork products traceabl inTntegra ed 
systems back to the farm and beef products traceable to the individual animal. 

The ability of Y enterocolitica to multiply at low temperature is of considerable concern to food 
producers, part.cularly in countries like Australia, Canada, Denmark, Germany. New Zea and 
Norway and Sweden where K enterocolitica has surpassed Shigella and now Lis Salmonella 
zri Campylobac er as a cause of acute bacterial gastroenteritis fNesbakken, 2000). The gTwfh 
of Y enterocohnca^s totally inhibited in ground beef packed in the high C0 2 /low CoSre 
both at 4'C and 10»C while it grew fairly well both in the high 0: mixtufe and in the chub ptks 

At the abusive storage temperature of 10°C £. coll 0157.H7 in the chub packs grew about as fast 
as the background flora. However, growth was nearly totally inhibited in the hifh COj/lowCO 
mixture and in the high 0; mixture (Nissen et al., 1 999; Nissen et al., submitted). 

Quality: 

Centralised pre-packaging of retail meat in the meat industry is cost-effective corned to on «;,. 
packag.ng ,n food stores. Self-se.ice food stores and supermarkets d^S^^T 
w,th pre-packaged meat. The long shelf life of meat packaged in the high C0 2 /low CO mfxture 
provides a possib.lity of a wider selection of fresh meat on display in the stores 7the N^ e ;. n 
meat industry looses the possibility to use this mixture, food store's in rura a d ^22. J^Yffl 
have to be supplied by frozen meat, which has a low acceptability of the consume? 

The high CO , /low CO mixture provides extended freshness: fresh meat will last for many days 
often more than a week) ,n the consumer's home refrigerator, and the consumer m 8 ht shop 
fresh meat once a week, and fresh meat is available 24 hrs a day 7 days a 
week m hypermarkets supermarkets, discount stores, service stores; and the consumer mieht i-t 
quality premium brand fresh meat in her/his local discount store. The consumer wilTfind fwide* 
variety of fresh meat products than otherwise possible. 

The consumers seem to prefer fresh meat products packaged in the hieh C0 2 /low CO mixture or 
the h.gh 0 2 mixture compared to other packaging methods (Solheim 1*996). 
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Prices: 



J^XS t^T"' P^'* >°<"r consumer price, W»« 

operaorsAuptrmarta chain S ™, S, , I i c'"-""' aCMrdi "S 10 i««»view with 
Cooperative, person! coZuS^ ^ Spi '" ^ Ha " an - M* 



II. 6. Exposure 



is quite significant. Nevertheless* cl f~o^ P« 
concernmg human health, since this formation taLs>ce iSly 

Natural background levels of CO are 0.01 - 0.9 me/m 3 (0 01 - 0 8 nnm^ t u 
concentrations of CO are eenerallv < 20 m 0 / m 3 , °* p P m >' In urba " areas, 8-h mean 

reported (WHO, ] 979) An^o^e tobacco ZSSL rn r ""S"* 60 ms/m have 
source of CO exposure (U^O i 987) ' S ^ * Tu ,he domina "nS 

According to WHO experts (WHO 1 979- WHO i Qf^ t»,. „„i 

relev 2nce to human health, i via inhalatior of CO «?i ^ of ex P osure is of 

blood, CO forms a stron* «»r£^ to^i&^ -T™ ^ the Iun * S imo 
carboxyhaemoelobin (HbCO) T^e IfTmi^ nS , W Ti" haemo Sl°bin forming 
its affinity for ^gatcOh\^^t^2T^^ " r ° UShly 240 time * that <* 
blood depend^on sever!! ^S^^ «- - 

exposure t,me and the level of activity of the individual (pSS^^^ ^ *° 

(1978) beef which is expofed to znZfsZl llnfn^rnT^ 1"°*°* 10 Watts « 
saturation of the meat myoelobin. Wh™ the mea SJrS t f' 3 ^ re$uh in about 30% 
K -«^, ^COremain^m^ 

Data are very scarce concerning comparison of CO exDo«mr<. f™ m ., 
treated meat. Accordine to Sorheim et al f 19™ ™ ? ■ , 2nd consu ™Ption of CO- 
cooking) yield a theoretical in ke of m ^LTte."^ ° 5 mMt 
mg CO per hour at the acceptance lev^^ed bv NW 9 °T ^ M " ]on of 15 
including endogenous formation). eS^^ ^ HbCO, 
without doubt that intake of CO from meat consumptionl , £££ F^^T ^ 
of CO from the gastrointestinal tract will be very much lower? fl IT Funhermore > absorption 
absorption via the lungs. . ^ ° " ° f " ha PP ens at »"). compared with 



GPAGE 



C\r\r\r\cr\ 



11.7. Reaction and fate in food 



et al., 1 978). * "Myoglobin reduct.on, even in the presence of air (Lanier 



PART HI. TOXICOLOGICAL DATA 
III. 1 - 4. 



SSo mi) T h 7^rS°1 dt h " beC . n CVa,U2ted * two ^0 «P«t groups (WHO 1979- 
u«u, The health effects are assoc ated with the deeree r>f Wfcrn r„ ^ > " u . ^'9, 

,0 .he aforementioned expert groups, the most -^ta^l^^^f 0 "^ 
exposures leading lo a HbCO level exceedins 2 w. l„ k..i,k„ i ,. / P rote ««i from CO 
are described ,« concentrate r.suW^fn mcotds < 1^ "° tal * 

A small amount of CO Is formed naturally in the human body from breakdown „f 
haemopr , e , This duc[ion , Q , ^ taalm J^*£*£ £ 

"""^okers is 1.2 - , .5-/.. Khilc the , eve , in smokers U su™"isT. S 4 % 



Maximum levels of 100 mg/m 3 for < 15 min 
Average levels < 60 mg/m r for 30 min 
Average levels < 30 mg/m 3 for 1 hour 
Average levels < 10 mg/m 3 for 8 hours 



The European Union has not evaluated CO for use as a nack^no r 

1990 (European Commission, 3991), several IZn* ^^'™"' in 

nitrous oxide, hydrogen and argon) were evaluated by he Scie^ft ' ^ T° gtn > 

fcr use as packaging gases and propellants Ctoc^h^^A^F™" ** ? °° d (SCF) 

ADls because of general knowledge of their ntavTu^ T*?* U ™ C ?**V <° »<opt 

compared with exposure from other source! FuXmore l^TsCF "^T? 

of modified and controlled atmosphere packaoin.^^^^*^. revie *' ed ! he safet >' 

importance of HACCP for the avoidance ^^i^S^Z^^ 1 " °* ** 

Comm.ss.on, 1996). The SCP concluded that it does not see ^^^^^^ by 
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the use of controlled or MAs, but that a prerequisite is that the principles of HACCP ar* 
observed A similar approach should also be feasible concerning CoVsed afv^ low 
concentrations in mixture with C0 2 and Nj. ^oaiveryjow 

Accordingly, the issue which should be solved concerning health effects of CO used in ■„ 

c • r . w v^'^cn ci ai. f law, Nissen et al. f submitted) fo ow as eneln<:nr*c 

Summaries of the two studies are also given in "Pan n.5. Justification^.", addMve 
,nves,,ga,,ons on the efficacy of ,h, substance fo, the intended ^S^^r. 

m.5. Review of results and conclusions 
contribute, anyincrlseint;^ 

packaging gas w„h < 0.5% CO presents no threat to human health (SoSet a 1997a/ TH^ 
in accordance with an assessment performed by members of The Se! JmsS rl • )' J h,S ,S 
under The Norwegian Food Control Authority (3™H 98). Committee for Food, 

P ART IV. SUMMARY DOCUMENT 

fomht^rj 111 ? ' 0W C . 0nc ! nt f lons of CO «nd high concentrations of CO, provide a 

eliminate, the need for having 6, „ , Jg* Sj£ W^JS, and ZT • "** C ° 
methods, like high CO, with 0, absorbers, chub packs andwcuurnn^tt t" P ■ Sm * 
microbiological she.fMfe simitar to tha, of the hi^CWow CO mi ,t KhY,« s 
acceptable colour or appearance of the meat. Thus, there appears at p "sent to 

SSK SS* '° C ° miMUre "* 4 h ^ °^^SNonva y 

In an investigation, growth of£. cc// 0157 H7 m m c r ;« „ « j i. r 

in the high CCVtaw CO mix.re. T^Z^^M^^^^^^ 
monocytogenes ,„ ground beef stored in the high C 0j /low CO mixture Th IZ^Y 
emerocohtica was totally inhibited in ground beef packed in the £1 rn n & ™ ° f K 
at 4*C and 10<C while it erew fairly ^11 both in £ n ; e h,gh C ^ C0 both 
However, the obser,d grWh of strains ^ wfflSS^cS IwCO , 
in chub packs at the abuse temperature of 10°C does emphas ise the i™™? < ° mX[UTC 3nd 
control during stcrage (Nissen et al., 1999; Nissen et T^t^^ 



ture 



man 



From a toxicological point of view, packaging gas with < 0 s 0/ rr\ 
health (Serheim e, al.l 997a). The Europe! nU Z h» ™ evtua* cot "° " I" 
|as for meat. However, in 1990 (European ComrrJss on 199l\ ,1! , ? *' * paCk " si "S 

di "*-»™» ^---^MrosS^weS 
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CO, /low CO mixture in Norway ?, . 1 ' e,a '' m "' P" k ' a S ed i" the high 
The Norwegian food "* «W 

sporadic cases of food bome disease/nnl^ 1 j outor "l« or a higher frequency of 
The Norwegian Food Con™! IS^y \tl°$ "'"^ ^ Scien,ific ^itteef under 



Conclusions; 



0157 and X eMerccoMa. colour Siiv l,h^ r -f , °/ p2,h °S tnic b "'«» «ke £ arff 
these concentrations, does no. p^^iSS^S?^. C °. U " d " iaaibci ' 
the Norwegian meat industry has exper™SwitM!l?A Co '' lside ™! <h« benefits 

--~dha^ 
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1 Abstract 

2 



Growth of the pathogens Yersinia enterocolitica, Listeria monocytogenes, 

3 Escherichia coli 0157:H7 and strains of Salmonella ,as compared In ground beef 

4 packed in modified atmospheres of 60 % CO/ 40 * N, /OA % CO (high CO/ low 

5 CO mixture), 70 % O/30 % CO, (high 0, mixture) and in chub packs. The ground 

6 beef was inoculated with rifampicin-resistant or nalidixic acid/streptomycin-resistant 

7 strains (final concentration 10'-10' bacteria/g) and stored at 4 and 10 <>C for up to 14 

8 days. At 4 -C the shelf life based on stable colour and reduced background flora was 

9 prolonged for the high CO/ low CO mixture compared to the two other packaging 

1 0 methods, but at 1 0 X the shelf life was < 8 days for all the packaging methods. 

1 1 Growth of Y. enterocolitica was nearly totally inhibited both at 4 and 10 «C in the high 

12 CO/ low CO mixture, while the bacterial numbers in the samples packed in the high 

13 0, mixture increased from about 5x1 0' bacteria/g at day 0 to about 10' at day 5 at 

14 4-C and to 10' at 10'C. Growth in the chub packs was even higher. Listeria 

15 monocytogenes showed very little growth at 4 »C in all treatments. At 10 "C there 

1 6 was slow growth from about 5x1 0' bacteria/g to about 1 0'at day 5 In the high CO/ 

17 low CO mixture, while the numbers in the high 0, mixture and the chub packs were 

18 about 10 times higher. Growth of E coli 01 57:H7 at 10 X in the ground beef was 

1 9 nearly totally inhibited in both the high CO/ low CO mixture and the high 0, mixture. 

20 Growth in the chub packs was higher, reaching 1 0 s bacteria/g on day 5. The 

21 Salmonella strains (S. Typhimurium, S. Dublin, S. Enteritidis and S. enterica 

22 61 :k:1 ,5,(7)) in the ground meat stored at 1 0 «C for 5 and 7 days grew to a higher 

23 number in the high CO/ low CO mixture than in the high O a mixture. This study 

24 shows that the prolonged shelf life at 4 -c did not increase growth of Y. enterocolitica 
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1 and L mononcytogenes in ground beef stored in the high CO/ low CO mixture 

2 mixture, but the observed growth of strains of salmonella at 10 C C in this mixture and 
in chub packs does emphasise the importance of temperature control during storage. 



3 

4 • 

5 Keywords: 



6 Ground beef, modified atmosphere packaging, high CO a , carbon 

7 monoxide, Yersinia enterocolitica, Listeria monocytogenes, Escherichia coli 

8 0157:H7. 
9 
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1 1. Introduction 

2 Ground beef for retail sale is most often ready-packed in modified atmospheres 

3 (MA) or in chub packs. MA-packed ground beef has a longer microbiological shelf life 

4 and also maintains an attractive red colour. For the past decade the Norwegian meat 

5 industry has been using a gas mixture of 60-70 % CO,, 30-40 % N, , 0.3-0.5 % CO. 

6 (The CO comes ready mixed in the N,from the supplier.) The reason for adding CO 

7 to the gas mixture is that it will produce a long-lasting cherry-red colour of the meat 

8 (Sarheim et al., 1 999), but the low concentration of CO has little effect on the 

9 microflora of the meat (Clark et al., 1 976; Gee and Brown, 1 978; Luno et al., 1 998). 

1 0 The use of CO at such low concentrations does not present any toxic threat to the 

1 1 consumers (Sarheim et al., 1 997). The most commonly used gas mixture for retail- 

1 2 ready meat in other European countries is 70 % O/30 % CO, (Gill, 1 996) The high 

1 3 oxygen concentration is needed to keep the red colour of the meat (Lambert et al. # 

14 1 991). It is therefore only possible to obtain half the CO, concentration used in the 

1 5 . high 00 J low CO mixture. The microbiological shelf life of the high 0, mixture will be 

1 6 longer than in air, but less than in the high CO,/ low CO gas mixture (Sarheim et al., 

17 1999). 

1 8 The inclusion of CO is controversial because the stable cherry-red colour can last 

1 9 beyond the microbiological shelf life of the meat and thus mask spoilage (Kropf, 

20 1 980). The extended shelf life obtained by MAP m?y under some conditions imply 

21 increased risk of growth of pathogens (Silliker and Wolfe, 1980; Hintlian and 

22 Hotchkiss, 1986; Farber, 1991; Lamberts et al., 1991). This issue has also been 

23 discussed by the European Commission (1 997). 

24 However, even if meat packed in high CO/ low CO mixture acquires a stable 

25 colour, the shelf life based on odour is significantly longer in the high CO/ low CO 
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. 1 mixture only at 4 *C (Sarheim et al., 1 999). At this temperature Yersinia enterocolitica 

2 and Listeria monocytogenes are considered to be the most serious pathogens in 

3 meat. At abuse temperatures (>8 °C) Escherichia coli 01 57:H7 and Salmonella spp. 

4 also may grow and increase the health risk to the consumers. In the present study 

5 we wanted to compare growth of these pathogens in ground beef packed in a 

6 commercial Norwegian 60 % 00/40 % N,JOA % CO (high CO a /Iow CO mixture) with 

7 growth in a high O, (70 % O/30 % CO,) gas mixture and in ground beef in chub 

8 packs during storage at 4 and 1 0 °C in order to evaluate the microbiological safety of 

9 the product. 
10 

1 1 2. Materials and methods 

12 2.1. Preparation and packaging of the ground beef 

13 The beef carcasses were de-boned, and trimmings with 14 % fat were ground 

1 4 through a 4 mm plate. The batch of ground beef was divided into 500 g portions 

1 5 which were packaged in 0.4 % CO/ 60 % CO,/ 40 % N, (high CO/ low CO mixture), 

1 6 70 % OJ 30 % CO, (high 0,) or packed in clipped chub packs. The beef was packed 

17 at a commercial meat plant within 1 hour of grinding as described by Sorneim et al. 

18 (1999). 

19 

20 2.2. Bacterial cultures and grovAh conditions 

21 Strains of the following pathogens were inoculated in the ground beef: Yersinia 

22 enterocolitica (mixture of 3 strains), Listeria monocytogenes (mixt-jre of 3 strains 

23 isolated from cooked sausage, Blom et al., 1997, Nissen and Hoick, 1999), 

24 Escherichia coli 01 57:H7. NCTC 1 200 (National Collection of Type Cultures, 
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. 1 Colindale, London), non-toxic strain (resistant to 1 00 ug/ml nalidixic acid and 1 000 

2 ug/ml streptomycin) and Salmonella enten'ca subspecies diarizonae serovar 

3 61:k:1,5,(7) (S. enterica 61:k:1 f 5,(7)) f mixture of 3 strains (National Institute of Public 

4 Health, Oslo). The listeria and yersinia strains were made resistant to rifampicin by 

5 spreading 0.1 ml of overnight cultures onto agar plates of TSB medium (Oxoid, CM 

6 1 29) containing SO ug/ml rifampicin (Sigma, St.Louis, MO, USA). The growth rates of 

7 the resistant strains were practically equal to those of the parent strains when tested 

8 in TSB medium in a Bioscreen instrument (Labsystem Co., Helsinki, Finland) at the 

9 same temperature, pH and a. (NaCI) concentrations. 

10 In a second experiment four rifampicin-resistant salmonella strains, S. 

1 1 Typhimurium, S. Dublin, S. Enteritidis and S. enterica 61 :k:1 ,5,(7) were used to 

1 2 inoculate the MAP- packed ground beef. The growth rates (measured as above) of 

1 3 the resistant strains of S. Enteritidis and S. enterica 61 :k:l ,5,(7) were essentially the 

1 4 same as the parent strains while the growth rates of S. Dublin and S. Typhimurium 

15 were slightly lower. 
16 

17 2.3. Inoculation and storage 

18 ^ After packaging the ground beef was inoculated with stationary cultures (the 

19 bacteria were cultivated overnight at 30°C and kept in the refrigerator for 1 day 

20 before use) of the different pathogenic bacteria. The stock cultures were diluted in 

21 peptone water (PW) (Bacto peptone, Difco, 1g/l; NaCI, Merck, 8.5 g/|) and the strains 

22 belonging to the same species or serovars were mixed. Fifty ul of each pathogen 

23 were inoculated with a syringe through a gas probe self-sealing tape (Toray 

24 Engineering Co. Ltd, England) into one of the corners of the MA packages. The 

25 packages thus had one pathogen inoculated in each corner. In the chub packs the 
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1 pathogens were inoculated at .east 3 cm apart. Packages inoculated on.y with Y. 

2 enterocolltica and L monocytogenes only were stored a. 4-C and analysed after 0. 2, 

3 5, 8 and u days while packages inoculated with all 4 pathogens were stored a. 

4 10°Cc -;alysedafier0,2,5and8days. 
In the second experiment four serovars of .Salmonella, were inoculated in one 

comer each of the package of ground beef and which was stored at 1 0 -C and 

7 anaiysed after 0. 2, 5 and 7 days. Non-inocuiated packages used as controls were 

8 also stored at 10 °C. 
9 

10 2.4. Microbial analyses 

1 1 Samples of 25 g ground beef containing the Inoculated pathogens were 

12 transferred to a stomacher bag and mixed with 150 ml peptone water (8.5 g NaCI, 

13 1.0 g peptone/1000 ml water). One hundred ul of a. en-fold dilution series were ' 

14 plated on blood agar containing 50 ug/ml rifampicin for L. monocytogenes and Y. 

15 enterocotitlca or 1 00 ug/m, nalidixic acid and 1 000 ug/m, streptomycin sutphate for £ 

16 co//0157:H7. From the undiluted mixture an aliquot of 1 ml was also plated out. For 

17 enumeration of SalmoneUa spp. the selective medium Briiiian. Green Agar (modified) 

18 (BGA; Oxoid, Basingstoke, Hampshire, England) was used. The colonies were 

19 confirmed on Triple Sugar Iron Agar (TSI; Difco, Detroit, Ml,) and Urea agar (Urea 

20 Agar Ease, Oxoid CM53 and Urea Solution, Oxoid SP^O) followed by agglutination 

21 by monovalent antisera (provided by the National Institute of Public Health). In the 

22 second experiment, samp.es for detection of the four salmonella strains were p.ated 

23 on biood agar containing 50 ug/m, rifampicin samp.es from non-inocu.a.ed packages 

24 were treated the same way and p.ated on MRS plates (CM359, Oxoid ), pH 5.7, for 

25 determination of iactic acid bacteria and PCA (Di.co, Detroit, Ml, USA) plates forto.a, 



^ . 1 counts of bacteria. The plates were Incubated at 30°C for up to 2 days, all 

2 aerobically. On each sampling date the packs with MA were analysed for 0, and CO, 

3 and the pH for all samples was measured in the stomacher solution. Samples from 

4 two replicate packages were used for all analyses, except after 7 days storage in 

5 experiment 2 where three replicate packages were analysed. 
6 

7 2.5. Statistical analyses 

8 Microbial data were subjected to analysis of variance (ANOVA) and Tuke/s 

9 pairvise comparisons. It was deemed appropriate to perform ANOVA on these data 

1 0 after a log 10 transformation, thereby obtaining a distribution more akin to the normal " 

1 1 distribution on which ANOVA is based. 
12 

13 3. Results 

14 As expected the shelf life of the ground beef stored at 4 °C was prolonged in the 

15 high COJ low CO mixture compared with the other packaging methods. This was due 

1 6 to the stable colour and reduced background flora resulting in little off-odour. 

1 7 Thus the ground beef packed in the high COJ low CO mixture still had an acceptable 

1 8 smell after 1 4 days of storage at 4 «C, while the beef packed in high O, mixture and 

1 9 in the chub packs had some off-odours. The difference in shelf life was less at 1 0 *C. 

20 After 5 days storage the ground beef packed in the high COJ low CO mixture had an 

21 acceptable smell (except the packages inoculated with salmonella, while beef packed 

22 in the high 0, mixture and the chub packs had a slight off-odour. 

23 After 8 days storage there was a strong off-odour for all treatments, but the ground 

24 beef in the high COJ low CO mixture still looked bright red, in.accordance with 

25 Sorheim et al. (1 999). The O, content in the high COJ low CO mixture was virtually 



. 1 2 ero throughout storage a. both temperatures. At 10 -C the O.content In the high O, 

2 gas mixture decreased from 70 to about 35 % after 8 days storage, probably due to 

3 aerobic bacterial metabolism. The chub packs had an 0,.permeable casing which 

4 probably was the cause of the high bacterial growth in these packs at both 

5 temperatures. 

6 Growth of Y. enterocolitica was totally inhibited both at 4 and 10 >C in the high 

7 CO/ low CO mixture (Rg. ,a and b). while the number in the samples packed in the 

8 high O, mixture increased from about 5x1 0'cfu/g at day 0 to about 10' cfu/g at day S 

9 at 4 °C and to 1 0 1 cfu/g at 10-C. Growth in the chub packs a. 4 °C was even higher 

10 than in the other treatments. Growth in chub packs was also higher than in high O, at 

11 10 'C p=0.007). L. monocytogens (Rg. 2a) showed very little growth at 4 «C in all 

12 treatments. A. 10 «C (Rg. 2b) there was slow growth (from about SxlO' bacteria/g to 

13 about 10'at day 5) in the high CO/ low CO mixture. This was more than 10-fold 

14 higher cfu/g a. day 5 than in the high O, mixture (p= 0.040) and the chub packs 

15 <p=0.035). Ground beef inoculated with £ co//0157:H7 and strains of salmonella 

16 was stored a. 10-C. Growth of E co//0157:H7 Was slow both in the high CO/ low 

1 7 CO mixture and the high O, mixture (Rg. 3) and the numbers were less than 1 0' 

18 cfu/g a. day 5. Growth in the chub packs was greater than in the high CO/ low CO- 

19 mwure (p=0.011) and in the high O, mixture (p=0.019), reaching ,0' cfu/g. Growth of 

20 lactic acid bacteria in the non-inoculated packages was somewhat inhibited in the 

21 high CO/ low CO mixture, especially at 4 °C (Rg. 4). At start of the experiment the 

22 pH in the ground beef was about 5.8 in all packages. After 5 days storage the pH 

23 was about 5.7 in the high CO/ low CO mixture, 5.5 in the high O a mixture and 5.3 in 

24 the chub packs. 
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1 Due to growth of other bacteria on the selective plates, only approximate numbers 

2 of S. enterica 61 :k:1 )5< (7) were obtained, but growth of about 1 .5 log units was 

3 observed both in the CO mixture and the chub packs (results not shown). This 

4 increase was not seen in the high 0, mixture. To verify these results and check 
whether they were valid for other serovars more virulent to humans, such as S. 
Typhimurium, S. Dublin and S. Enteritidis, a second experiment was performed. The 

7 results (Fig. 5 a, b, c and d) show that after 2 days of storage at 1 0 X there was 

8 essentially no growth of the salmonella strains in ground beef packed in the h\ S > 

9 CO J low CO mixture and in the high 0 2 mixture, while the numbers of salmonella in 

10 the chub packs were about 10 fold higher. After 5 days there was a slight off-odour in " 
.11 all the packages except for one package with high CO J low CO mixture which 

12 smelled strongly of H,S. In this package the numbers of all the salmonella strains 

1 3 were higher than in the replicate package and were of the same magnitude as the 

1 4 numbers in the chub packs. In the O, mixture there was no growth of S. Dublin and 

15 . S: Enteritidis and only a low growth of S. enterica 61 :k:1,5,(7) and S. Typhimurium. 

1 6 The growth of the salmonella strains was still greatly inhibited in the high O a mixture, 

1 7 while growth in the high COJ low CO mixture was just as high or even higher than in 

18 the chub packs. 

1 9 In the non-inoculated packages the lactic acid bacteria rapidly constituted most of 

20 the background flora (not shown). After 5 days storage the numbers were higher in 

21 the chub-packed samples, but after 8 days there were no obvious differences 

22 (Fig. 6). The pH in the non-inoculated ground beef followed the same pattern as in 

23 experiment 1. 
24 
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1 4. Discussion and Conclusions 

2 Ground beef is a high-risk product because pathogens may be mixed into the 

3 ground product which may not be sufficiently heated before consumption. To inhibit 

4 growth of spoilage bacteria and increase shelf life, MAP is often used by retailers. 
The question «Do modified atmospheres enhance risk to the consumers health, but 
delay 'signs of spoilage- raised by Hintlian and Hotchkiss (1986) is therefore relevant. 

7 When evaluating the safety of ground beef in the high CO/ low CO mixture 

8 compared to other commercially available packaging methods, we have focused on 

9 bacteria that show good growth below 10 -C and are most relevant for meat 

10 products. 

1 1 The ability of Y. enterocolitica to multiply at low temperature is of considerable 

12 concern to food producers, particularly in countries like Australia, Canada, Denmark, 

1 3 Germany, New Zealand, Norway and Sweden where Y. enterocolitica has surpassed 

14 Shigella and now rivals Salmonella and Campylobacter as a cause of acute bacterial 

15 • gastroenteritis (Nesbakken, 1999). In our study, growth of Yersinia enterocolitica was 

16 totally inhibited in ground beef packed in the high CO/ low CO mixture even at 10 -C 

1 7 while it grew fairly well both in the high 0, mixture and in the chub packs. Manui- 

1 8 Tawiah et al. (1 993) found that pork shops packed in different MA with 20 or 40 % 

19 CO, with or without O, allowed growth of Yersinia enterocolitica, but here the C0 2 

20 concentration was lower than in the high CO/ low CO mixture (60 %) used in our 

21 study. 

22 Listeria monocytogenes is also a pathogen that grows well at low temperatures, 

23 but in our study there was no growth of this bacterium in the ground beef in any of 

24 the packages at 4 *C, and only slow growth at 1 0 e C. This agrees with results of 
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1 Farber and Daley (1 994) who found no growth of L monocytogenes in different meat 

2 products when stored at 4 °C. 

3 At the abusive storage temperature of 10 -C, E co//0157:H7 in the chub packs 
grew about as fast as the background flora. However, growth was nearly totally 
inhibited in the high CO/ low CO mixture and in the high O, mixture. This is In 
accordance with the predictive model of Sutherland et al. (1 997). Their study showed 

7 that E CO//01 57.H7 is relatively tolerant of CO J( but growth could be inhibited at 

8 1 0 °C at high CO, concentrations and pH < 6.0. 

9 In our study, growth of Salmonella s PP . was not inhibited in ground beef packed in 

10 high CO/ low CO mixture and stored at 10 °C, contrary to what Is found in many 

1 1 other studies (e.g. D'Aoust, 1991). Although salmonella may grow well and out- 

1 2 compete the background flora on fresh meat stored at 1 0 'C (Alford and Palumbo, 

1 3 1 969; Mackey and Kerridge, 1 988), most reports claim that growth will be inhibited In 

14 MAP at this temperature (Siliker and Wolfe, 1980; D'Aoust, 1991; Gill and DeLacy, 

15 1 991 ). Nychas and Tasson (1 996) found that high CO, atmospheres were more 

1 6 inhibitory for growth of S. Enteritidis on fresh poultry at 10 'C than were high O, 

1 7 atmospheres, the opposite of what we found for ground beef. Inhibition of bacterial 

1 8 growth may, however, be influenced by pH, texture and the composition of the 

19 product, and Gill and DeLacy (1991) did find growth of S. Typhimurium in high- P H 

20 beef packed in CO, and stored at 10 -C. Oxidative stress reactions in salmonella 

21 Have recently been reported (Stephen et al., 1999). This may explain the inhibition of 

22 growth (longer lag phase) in the high O, mixture in our study. 

23 The present study shows that the prolonged shelf life (due to stable colour and 

24 reduced background flora) at 4 'C did not increase the risk of growth of Y. 

25 enterocolitlca and L monocytogenes in ground beef stored in the high CO/ low CO 



1 gas mixture. This is probably due to the high CO, concentration that is inhibitory to 

2 most microorganisms (Dixon and Kell, 1 989). Even at the abusive temperature of 

3 1 0 °C, the numbers of pathogens at the end of the shelf life (5 days) were less or the 
same as were found in the chub packs. The observed growth of salmonella in the CO 
mixture and chub packs does however emphasise the importance of temperature 
control during storage. There is a wide range of temperature criteria for chilled foods 
at retail in European countries. The values range from -1 °C to 10 °C, with most 
temperatures being between 4 and 8 °C (European Commission, 1996). These 
aspects should also be considered together with the conclusions of the EU report 
(European Commission, 1 997) which state that MAP has proven to enhance the 
product quality by inhibiting the spoilage bacteria. MAP may also constitute a hurdle 
to the growth of some pathogens, and the safety of MAP products are mostly 
threatened by temperature abuse. 
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1 Fig. 1 . Growth of Yersinia enterocolitica inoculated in ground beef packed in high 

2 COJ low CO mixture (0.4 % CO/ 60 % CO/ 40 % N 2 ), high 0, (70 % 0/ 30 % CO,) 

3 or in chub packs. The ground beef was stored at a, 4 °C or b, 1 0 °C. 
4 

5 Fig. 2. Growth of Z./ste/7a monocytogenes inoculated in ground beef packed in high 

6 CO/ low CO mixture (0.4 % CO/ 60 % CO/ 40 % N,), high 0, (70 % 0/ 30 % CO,) 

7 or in chub packs. The ground beef was stored at a, 4 *C or b, 1 0 °C. 
8 

9 Fig. 3. Growth of Escherichia coli 01 57: H7 inoculated in ground beef packed in high 

10 COJ low CO mixture (0.4 % CO/ 60 % COJ 40 % N 2 ), high 0, (70 % 0/ 30 % CO,) 

11 or in chub packs, stored at 1 0 °C. 
12 

13 Fig. 4. Growth of lactic acid bacteria (cfu/g on MRS, pH 5.7) in non-inoculated ground 

1 4 beef packed in high COJ low CO mixture (0.4 % CO/ 60 % COJ 40 % N,), high 0, 

15 (70 % 0/ 30 % CO,) or in chub packs. The ground beef was stored at a, 4°C or b, 10 

16 °C. 
17 

1 8 Fig. 5. Growth of strains of Salmonellae inoculated in ground beef packed in high 

1 9 COJ low CO mixture (0.4 % CO/ 60 % COJ 40 % N a ), high 0, (70 % 0/ 30 % CO,) 

20 or in chub packs, stored 10 e C. a. S.Typhimurium b. S. Dublin c. S. Ententidis d. S. 

21 enfer/ca61:k:1,5,(7). 
22 

23 Fig. 6. Growth of lactic acid bacteria (cfu/g on MRS, pH 5.7) in non-inoculated ground 

24 beef packed in high CO/low CO mixture (0.4 % CO/ 60 % COJ 40 % N,), high 0, 
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0 



^ 1 (70 % 0/ 30 % CO,) or in chub packs. The ground beef was stored at a, 4 °C or b, 

2 10 °C. 
3 
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Chapter 4; Preservation 

^ziir: frIa,s or t «* ° f sh - *— such as 

> UM * - » — 1 ^^^^ ~« of the two 

/■« MJJ . £ . ma/ , tuZZZZ^!* 0513 0slo > 

i'shelf life and also'mainta^ £^5^,^^ * ak «*»°** 
^Norwegian meat industry has been S fl \» • . ^ p2St decade 
>C0 2 and 30-40% N 3 We CO c!m« 7 of 0 - 3 -°- 5 % CO, 60-70% 

N4 CO to the £ H 1^2" * -on for 




■i^MgM ****** CO to the gas mixture is thai itZtu'"^ 17lc reason 

■^i^K^ oflte "'««(S^nTe^"9S -k? "r* 6 * 8 ,0n 6-'"«^ cherry-red 
"retail-ready meat in oth " E otan ct«S ™ USed g " mixture *» 
*<!» oxygen eone^SKeSK he re^T ^J 0 ™ ,996 > 
^ therefore only possible to obtain ™ ^- V^ ^ °/. the meat - * " 

concentration used in the CO gas 

■■• w e " a ,,,,Alur c voerneim et al ] 999) 411 10 atr ' but ' css tnan ' n 

''l-i^^? 1,e lnc,u$!on of CO is controversial because the .table ehem, r.^ , 

be - vond the microbiological shelf life of the rn«^nH tl ^ J "lour can last 
.vBgHF 1 However, the consumer ab e to e!^" * ^ ?!* Sp ° i,a « e 
.Jcfei; of the neat by off-odours a" si f If ^ editions 
■^gfr-i the CO mixture only at 4'C. Thus e «eS d sneH I? ™« wr, » n, <y '«>"«« 
-creased risk of growth of p Xgens I„ t pr ^ 
co^are grow* of the pathogens Ic^it^^^? 
we*, yersinia enterocolitis and S a ln, n „.iu J . un Zu/er/a 
r^:— " a commercial Nonvegi^ 0 4% »" *™nd beef 

r-i^r growth in a high 0 2 (70% OV30% CoCw« . 3 ° % N2 mixture 

P"ks during sfora« it 4andlO*C ' ' ' *" d in ^ ound beef chub 

r ' Commercial packages of ground beef (500 e) stored at 1 0°r • , 

the pathogens Escherichia coli 0157-H7 Z LIZ, , v ' n ° CUla,ed with 

UI3/.N/, £. monocytogenes. Y. entercolitca and 5 
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Chor 1 : Preservation 



diarizona, and the ground beef stored at 4°C with r « 
enterocolitica. The inoeula «f / L monoe yogtnts and X 

cocktails of 3 «.«^pS«^ T Ltr^ ^ X ente ' oco ™« were 
0157:H7 was one^iLKJi™ P f 1,11111 StrainS ' ,he inocu,ura coU 

(Plated on selective media fcrL ir " 0t m2de ant, * biotic 

*»oc^p (MhB ^^ of ground beef without 

^^U^^J^^ «■ CO mature had an 

had a slight off-odour. After f^^^.T^ ^ ?' ChUb ^ 
treatments. At 4°C the smell u-„ L . Stron * °ff-«lour for all the 

growth of pathogens was restraint !„\h , P L d Some °ff-°dours. The 
mixture containing CO C ™1 Tf" ^ b " n packed in ** «■« 
inhibited both at 'and ,0'C whKL ml f f""™?'*'" nearly totally 
0 2 mixture increased from about 5x S SSiS" PaCked ln *« 

reaching , 0 5 bacteria/g o„ da ^ growth of^J" ^ ChUb ^ W3S hi « her 
pattern as £ coli 01 57-H7 8 * </ ' flm<Wl " flowed the same 

show, ,h„ lhe „duccd taekjSitai If w ."I 8 . ^ <"«"" »My 

h incased Vo^ tTXt^^ Z££ ) ?* m * t " 

concentration of CCh in this mixture - ? P robab, y du « to the high 

bacteria. Tne 0 2 cogent h ^iT^Sf ^ ^ 
at both temperatures. At WC the O^^ZT?^ thtOV * ho " «onge 
from 70'/. to about 35% af!er8 davs nr^l w d mixture decreased 
metabolism. The chub packs h7d air dSJm • " '° Mrabic bacterial 
cause of the high bacterial P o^Z t Z^ ^ " Wch «~ 
The conclusion of the present study is that for a, ™ 

growth of the pathogens X Mfr «3ftfclz °„ ,,0nS Snjdied ' thc risk of 

S. diorlzcnae in ground Mu^^aJ""^*""' £ coli0 ^ *"d 
in *. ground be/f stored in 1 - " - 
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English summary C^2-^ 

PURCHA SE PROBABILITY OF BEEF AND PORK PACKAGED IN 
DIFFERENT ATMOSPHERES 

Regnhild Solheim, MATFORSK, Norwegian Food Research Institute, Oslovn 1 1430 As 
Norway ' ' • 

^ n ^ft f A 0 h /^°i n StMks 2nd P° rk ch °P s were Packaged in modified atmospheres of 
OA A CO/ 60% CO:/ 40% N 2 (high C0 2 /low CO mixture) and 70% 0 2 / 30% C0 2 (high O, 
m.xture). In add.tion ground beef was packaged in clipped chub packs, beef loin steaks were 
vacuum packaged, and pork chops were packaged in an atmosphere of 60% C0 2 / 40% N, 
w,th each pack containing an 0 2 absorber. The purchase probability data were collected by 
mtervjewmg 126 consumers usually purchasing meat and meat products. The consumers 
visually compared the samples within each type of meat. The consumers pre'-n ed ground 
beef packaged ,n the h.gh C0 2 /low CO mixture or the high 0 2 mixture compared to ground 
beef packaged m clipped chub packs. Purchase probability increased when pork chops were 
packaged m the high C0 2 /low CO mixture. Pork chops in packs containing an 0 2 absorber 
were rated lowest m purchase probabilities. The purchase probability for beef loin steaks was ' 
s.m.Iar when packaged in the high C02/low CO mixture or the high 02 mixture, and these 
products were preferred compared to beef loin steaks packaged in vacuum 
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I Summary/Abstract: " . 

for S T d meat, pork chops and top ,oin of beef 
indicated their purchasing tende™ S J" ,oca{i ™ test. The consume™ 

'Will definitely buy." Moreover -^c^Zte^^^t ^ " Wi " not ^ to 

different products, and provided their S^and gender ^ f ° r the three 

The consumer population was composed of fi? «/ .. « 

was roughly equivalent for both genders ^ 38 % men - Tne a 9* distribution 

I Purchasing Frequency 

than once a month. ine P art,c, Pants bought pork chops less frequently 

I Top loin was purchased less freonpnfiw - •' I 

study. 18 o/o slid that th^y^^ r^ 0 ^ 5 ^ % ° f the Participants in the 
loin once a week. 7 P " ° nCe 3 montn - 2nd % indicated that they buyTop 

I Purchasing Tendency: I 
Ground meat: Ground meat Packard with ™ . I 

purchasing tendency as ^t^^^Tn""^^ Same avera 9e score for 
"usage had .he (owes, score t^SSS^^ ^ TOa ' P«ka S e" as 

J < a < -ore ,or purchasing 

I Pork chops packaged with «^*^^^S^S^ ™ SC °' e and 
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1. Premise 
2. Implementation 

2. 1 Materials and Survey Conditions 

The survey was taKen at DrobaK Ci, y (shopping center, on June ,2. ,996 (Tuesday) from 10 am 

Table 1. Packaging methods for meat products tested in consumer survey 
Meat Product 

Ground Meat 



Sausage 
x 



CO 
x 



0 2 
x 



Vacuum 




0 2 

w/absorber 



x = packaging method used 



2.2 Method 

definitely not buy S n/i!w llmXfut '?° " u „ mencal «™ 1 to 5. where ,=Wi? 
answering the questions. ' consum6rs E P^"' "e'ween 5 and 1 0 minutes 
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Dear Consumer! 

What to do: 

1 . Please take a look at the samples of top loin 



Sample marked 288 
Will definitely buy 
May buy 

May/may not buy 

May not buy 

Will definitely not buy 



□ 
□ 
□ 
□ 
□ 



Sample marked 763 

Will definitely buy q 

May buy g 

May/may not buy □ 

May not buy L 

Will definitely not buy □ 

Sample marked 911 

Will definitely buy □ 

May buy g 

May/may not buy □ 

May not buy □ 

Will definitely not buy □ 

EtaM"" anSW " ' he ,U "" 0nS M ™ """" 3"der an d how often you b U y .op 

My age (check one): 
18-25 years old 
26-35 years old 
36-45 years old 
46-55'yea*rs old 
56-65 years old 
over 65 years old 



□ 
□ 
□ 
□ 
□ 
□ 



Gender (check one): 
Female 



Male 



I buy top loin of beef (refrigerated): 

Less than once a month 

Once a month 

Two to three times a month 

Once s week 

More than once a week. 



□ 
□ 
□ 
□ 
□ 



_ THANK YOU FOR YOUH ASSlST&wrci 

i-igure 1. Questionnaire for consumer survey of meat nmriuri* ro^r.^i — r 

lor pork chops and ground meat. Products. Corresponding forms were used 
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2.3 Consumer Population 



Tat,e *' Age and 9ender distribution among consumers participating in the survey. 




3. Results 

3. 1 Purchasing Frequency for Meat Products 

bt^o^ top loin was rare, 

frequencies in the various age and genSeT^l* ' 1 S ' m " ar P urch «ing 

Table 3. Purchasing Frequency for Three Different Meat Products 

Meat Product 



Purchasing Freque ncy 
Less than once a month 



Once a month 

Two to three times a month 



Once a week 
More than once a week 



Ground Meat (N=1 25) 
11.1 
20.6 



47.6 
15.1 



5.6 



Pork Chops (N=126) 
29.4 



38.1 
29.4 



3.2 
0.0 



Top Loin (N=124) 
58.1 



18.5 
19.4 



3.2 
0.8 



3.2 Purchasing Tendency for Meat Products 

A detailed overview of the purchasing tendency is provided in Attachment 1. 
All differences described in the following were significant to a degree of 95 %. 
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Ground Meat 

Ground meat packaged as sausage was least appreciated by the consumers (see Fiqure 2) 
Ground meat packaged in CO gas and ground meat packaged in 0 2 gas received the same 
gender* pUrChasing tendencv - Th 's result occurred regardless of consumer age and 

Comments from the consumers- 

The wrapping film used to pack meat as sausage hides the contents. 



[Above bar chart] Purchasing Tendency for Ground Meat 



[Beside bar chart] Average score (N=1 26) [Bar chart] 



[Below bar chart] As Sausage CO gas 

Packaging Method 



Figure 2. Purchasing tendency for meat products. 1 =Will definitely not buy, and 5=WHI definitely 
buy the product as presented in the survey. wmaenniieiy 
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Pork Chops 

Comments from consumers* 

The pork chops packaged with absorber look gray/brown - are they old? expired? 
Sample packaged with CO and 0 2 : nitrite added? 



[Above bar chart] Purchasing Tendency for Ground Meat 



[Beside bar chart] Average score (N=126) [Bar 



chart] 



[Below bar chart] 0 2 absorber CO gas 

Packaging Method 
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Top Loin 



IZn^inn ♦ T ?° 9 J S and ,n ° 2 gas received a PP r oximately the same average score for 
purchas ng tendency (see F.gure 4). Vacuum packaged top loin received a lower score for 
purchasing tendency than the two aforementioned samples Men indicated roughly equivalent 

Sn^l T^™" '7 thG three Van * e,les ' whi,e women indicated the highest purchTsfng 
tendency for top lo.n packaged in CO gas. followed by top loin packaged in 0 2 gas and the 
lowest purchasing tendency for vacuum packaged top loin. 9 ' 6 



Comments from consumers: 

Sample packaged in CO and 0 2 : nitrite added? 

Sample packaged in CO: "artificial" sides. 

Vacuum packaged sample: looks as if it has been squeezed. 



[Above bar chart] Purchasing Tendency for Top Loin 



[Beside bar chart] Average score (N=125) [Bar chart] 



[Below bar chart] Vacuum CO gas 

Packaging Method 



Figure 4. Purchasing tendency for meat products. 1=Will definitely not buy and 5=Will defin'telv 
buy the product as presented in the survey. aenn.teiy 
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4. Conclusion 

received .he lowest score /oZZteX reSy ^ ™* PaCkaSed as sau ^e 

chops pa^aged £S£Z^Z^*Z% °^ s < «- ««. «hi?e po* 

^*iSl2»Sy h a C n° facuu^ Sac&T* aPPr °* imala * ,he -ra 9 e 
purchasing tendency. ™ packs 9 ed l0 P "on received the lowest score for 

Comments 

model for a purchasing situa^on These "dre^Tr!?' ™! ^ UP ° f ,he Surve y ^presents a' 
interpreting the results circumstances must be taken into account when 
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ATTACHMENT 1 



Overview of Results from Consumer Study of Meat Pr 



ts 



Average 

Ground Meat (N=126) 

As sausage 2.5 

CO ggs 3.7 

O a 3.7 

Pork Chops (N=126) 

0 2 absorber 1.9 

CO gas 4.6 

0 2 3.6 

Top Loin{U- 125) 

Vacuum 2.9 

CO gas 4.2 

0 2 4.0 



Standard Deviation 

1.5 
1.4 
1.4 



1.3 
0.7 
1.4 



1.6 
1.1 
1.1 



Median 

2 
4 
4 



1 
5 
4 



3 

4.5 
4 
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English summary 

DISCOLORATION OF MEAT AS AN INDICATOR OF LEAKAGES IN PACKArPQ 
CONTAINING A CO GAS MIXTURE llaka^s m PACKAGES 

A S % V or^aT eIm ' MATF ° RSK> N ° We9lan F00d Research ,nstitut *. 0^'°vn. 1, 1430 

The aim of the experiment was to study discoloration of meat oackaoprf in « 

a^de^S w C02/ 1? % N i 7 0 4 % 00 With 0 
added. Tests were performed on ground beef with 1 % NaCI, aged beef loin steaks 

and pork chops. Leakages were simulated by injecting different amounts of a! with 

syringe into the packages after two days storage. Discoloration of the meat was 

measured as reduction In a* (redness) values and evaluated visua ly Ground beef 

had a low tolerance level of residual 0 2 because it was discoloured In atmosph=re, 

containing more than 1 % 0 2 . Beef loin steaks and pork chops were sl^hTy 

discoloured ,n more than 2 and 5 % 0 2 , respectively. The results suggest hat 

tfi^pSk££. ,nd * cator ° f ,eaksges for 9round beef ' but «St b -noin 



'2 
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Summary/Abstract: 

Tests were carried out to find the tolerance limits for residual O for rfi«™u M »- 
packaged in CO gas mixture with simulated leak Var ou too^^X'^ ° f m ?J 
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was clearly discolored, while top loin sn6W^*l^£^Z^. lha " 1% °' 
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Meat Discoloration as an Indicator of Leakage in Packages with CO Gas Mixtures 
Purpose 

The purpose of the survey was to find the tolerance limits for residual 0 2 with regard to 
discoloration of ground meat, top loin and pork chops packaged in a CO gas mixture. 

Implementation of the Study 

Samples of ground meat with 1% NaCI (20 pieces), tenderized top loin of beef (18 pieces) and 
pork chops (14 pieces) were gas packed on a llapak Delta 2000 machine (llapak, Switzerland) 
on a tray in BDF 550 shrink film (Cryovac). The gas mixture consisted of 60% C0 2 / 40% N, / 
0.4% CO. The samples were stored out of light at 4°C. After two days of storage air was added 
to the packages to increase the 0 2 content, i.e. a simulated leak. This was done' by sucking out 
the gas in the package and replacing it with air by means of a syringe and a septa 0-2 0% O, 
was added to the ground meat, 0-3.2% 0 2 was added to the top loin, and 0-13 9% 6 2 was 
added to the pork chops, in all cases with a spectrum of O a concentration in their respective 
ranges. After the replacement of gases, the concentrations of 02 and C0 2 were measured by 
means of two Toray instruments, type LC 700F and PG-100 (Toray Eng., Japan). The remaining 
storage time before unwrapping was 2 days for ground meat and 5 days for both top loin and 
pork chops. 

Upon unwrapping, the 0 2 and C0 2 concentrations in the packages were once again measured 
Two judges then visually judged the color of the unopened packages according to a scale 
(1=fresh meat red. 2=dark red, 3=somewhat discolored, 4=moderately discolored 5=extremely 
discolored). The packages were then opened, and the color was measured with a Minolta 
Chroma Meter CR-300 (Minolta Camera Co., Japan) directly on the surface of the meat within 1 
minute of opening. The instrument had light source D 65 at 8 mm aperture, and the color was 
measured in CIE (1976) L* (luminosity), a* (redness) and b* (yellowness). Lastly the pH was 
measured directly in the meat with a Ingold Xerolyt electrode (Mettler-Toledo A.G., Switzerland). 

Results and Discussion 

The correlation between discoloration upon unwrapping and 0 2 concentration when replacinq 
the gas proved to best be expressed by an a* value (redness) and visual color evaluation 
Attached are a plot of the a* and 0 2 concentration for ground meat, top loin and pork chops- see 
figures 1, 2. and 3. The correlation coefficients for the three products were calculated to -0 71 - 
0.33, and -0.51. The relatively low coefficients are partly due to the large spread of the 
measured values and partly because the correlation between a* and 0 2 does not aDDear to be 
linear. • KK 

For ground meat we found a reduction of approximately 4-5 a* values from 0 to 1% 0 2 A 
reduction of a* to this degree is readily apparent. Samples stored in 1% or higher levels of O, 
had a score of between 3 and 4 on the color scale, i.e. slight to moderate discoloration The 
results indicate that the tolerance limit for discoloration of ground meat in CO mixture is 
approximately 1% 0 2 . 
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For top loin, on the other hand, a smaller decrease in a* and a weak correlation between a* and 
O, concentration were found. However, there seemed to be a reduction of about 2 a* values 
between 0 4 0 2l with a color scale score of about 3 on samples stored in over 2% O, 
This indicates a weak discoloration with a tolerance limit of approximately 2 % 0 2 for top loin. 

The color of pork chops proved to be only slightly affected by the 0 2 concentration in the 
packaging gas, even when up to 2/3 of the gas was replaced with air. We found a reduction of 1 
to 1.5 a values between 0 and 5% 6 3 in the package gas, but this barely registered as 
discoloration with a score of 2-3 on the color scale. 

The pH values at the end of the leak test were on average 5.59, 5.62 and 5.42 for ground meat 
top loin and pork chops respectively. 

Between the start and the end of the leak tests, we measured a reduction in the O, 
concentrations of 80, 40 and 30 % for ground meat, top loin and pork chops respectively This 
reduction can be due to meat respiration or consumption of 0 2 by bacteria. Ground meat has a 
high consumption of 0 2 due to a large surface area exposed to surrounding gas and frequently 
higher bacteria counts than whole meat. y 

The significance of residual 0 2 in package gas with regard to discoloration and microbiological 
storage life has been discussed previously in the report "Fresh Meat in Consumer Packaqino - 
an Evaluation of Various Packaging Methods and Their Effect on Meat Quality " For storaqe in 
gas containing C0 2 and/or N 2 without the presence of CO. tolerance limits for discoloration have 
been found to be below 0.1 and 0.5% 0 2 for beef and pork respectively. Tests oh pork has 
t S ha°n2-4% O microbiolo9ical stors 9 e life was reduced wh en the package gas contained more 

The ground meat containing 1% sodium that was tested in this survey, had obvious 
discoloration when the CO mixture contained at least 1% 0 2 . Sodium functions as a pro-oxidant 
and will usually intensify or accelerate the discoloration of the meat. It is therefore likelv that 
consumers will react on the color of ground meat when small leaks in the packaging exist For 
top loin and pork chops however, there is little likelihood that the minor discoloration occurring 
a. above 2 and 5% 0 2 will serve as an indicator of leakage to the reaular consumer The liqhtinq 
in store refrigerating counters will often conceal minor color nuances. All in all these results 
snow that CO has a strong bond to the myoglobine in whole, unsalted meat, which prevents the 
carbon myoglobine from being destabilized by 0 2 in the gas. Hence, discoloration is not a good 
ir.d.cator with regard to alerting consumers of leaks and risk of increased bacterial orowlh in 
meat such as top loin and pork chops. " n 

Thanks 

We are grateful to Frank Lundby for his valuable technical assistance. 
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Retail meat can be packaged in gas mixtures containing 
60-70% carbon dioxide (CO,), 30-40% nitrogen (N,J and 
<0.5% carbon monoxide (CO). This gas mixture with CO pro- 
vides a unique combination of a long microbiological shelf 
life and a stable, cherry red colour of the meat. The shelf life 
of meat packaged in the CO mixture is longer than that of 
mea: packaged in the commonly used atmospheres with 'high 
oxygen (0,), that is, approximately 70% O a and 30% C0 2 . 
The consumption of meat that has been packaged in a CO 
mixture will result in only negligible levels of carboxy- 
haemoglobin in the blood. It is highly improbable that the use 
of CO in the packaging of meat will present a toxic threat to 
consumers. 



Modified-atmosphere packaging (MAP) is gaining in- 
creasing application in modem food distribution. Meat 
intended for retail sale can either be wrapped in vapour- 
tight, oxygen-permeable films or packaged in gas-light 
films with a modified atmosphere (MA). The main pur- 
poses of the MAP of meat are twofold: to ensure the mi- 
crobiological shelf life and the attractive red colour of 
the product. Consumers frequently interpret the colour of 
meat on retail display as an indicator of wholesomeness 1 . 

CO is a colourless, odourless and tasteless gas. It is 
produced mainly through incomplete combustion of 
carbon-containing materials. Natural background lev- 
els of CO are 0.01-0.9 mg/m 5 (Ref. 2). In urban areas, 
8-h mean concentrations of CO (i.e. mean CO concen- 
trations are measured for each possible 8-h interval 
during a 24-h period, then averaged) are generally 
<20mg/m 5 ; however, maximum 8-h concentrations (i.e. 
the maximum mean concentration found during any one 
8-h period) of up to 60mg/m J have been recorded 2 . By 
far the most common cause of elevated CO concen- 
trations in the blood is tobacco smoking 1 . 

A challenge in the MAP of retail meat is the stabiliz- 
ation of the red colour of the product. The positive ef- 
fect of CO on meat colour was known and patenred over 
100 years ago 4 . Despite this knowledge, CO has to date 
been applied commercially only to a limited extent in the 
MAP of meat. During the past lOyears. the Norwegian 
meat industry has been using a gas mixture of 60-70% 
CO,. 30-40% Nj and 0J-0.49c CO for the packaging 
of fresh retail meat, namely beef, pork and lamb. This 
gas mixture with CO maintains a stable, cherrv red 
colour combined with a long microbiological sheif life 
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of the meat. The market share of retail meat packaged in 
this CO mixture in Norway is estimated at 50-60% 
(Dag Hallan, pers. commun.). In addition, some meat is 
also initially bulk-packaged in the CO mixture, and 
thereafter repackaged on trays with Oj-permeable films 
in retail outlets. In other European countries not using 
such CO mixtures, market shares of retail meat pack- 
aged in atmospheres with a high 0 2 concentration, with 
considerably shorter shelf life*, have been reported to be 
only 10-40%** 

In this article, we have evaluated the toxicological as- 
pects of CO, and its mode of action and application in 
the MAP of meat 

Technological and hygienic aspects of CO as a 
packaging gas for meat 
Cases for MAP 

The most commonly used gases for the MAP of meat 
are C0 2 , N 2 and 0 2 . although other gases, including CO, 
nitrous oxide, argon and ozone, have been tried to a 
limited extent 1 . C0 2 inhibits the growth of many micro- 
organisms, but it has no effect per u on the colour of 
meat*. C0 2 is absorbed in meat and fat tissue at a ratio 
of -1 Litre of gas per kg of tissue 7 . N, affects neither the 
rrucrobiology nor the colour of the meat, but prevents 
packages from collapsing, because it is not absorbed by 
the product. O, supports the growth of aerobic micro- 
organisms; thus, removal of 0 2 from the MA will ex- 
tend the microbiological shelf life. High 0 2 concen- 
trations cause meat to have a temporary bright red 
colour; oxygen binds to the muscle pigment myoglobin, 
forming oxymyoglobin. which is gradually oxidfzed to 
grey -green-brown metmyoglobin* (Fig. 1). Gases for 
the packaging of meat are seldom used alone, but in 
mixtures, which vary according to the application. 
Examples of different gas mixtures for the MAP of meat 




Deoxymyoglobin 
Purple 



Carboxy myoglobin 
Cheny red 



+0. 




Metmyoglobin 
Brown/green/grey 



Oxymyoglobin 
Bright red 




Fig.1 

• Myoglobin forms and colour of meat. 

CO and colour 

The main function of low levels of CO in MAs is to 
give meat a stable, cheny red colour, as a result of 
strong binding of CO to myoglobin end the formation of 
carboxymyoglobiV (Fig. 1). Although a substantial in- 
crease in the shelf life of meat can be obtained by using 
various MAs, it is often limited by discolouration due to 
the oxidation of myoglobin to metmyoglobin. This dis- 
colouration can be prevented by the inclusion of a low 
level of CO in the gas mixture. 

Carboxyrayoglobin is more resistant to oxidation than 
oxymyoglobin, owing to the stronger binding of CO to 
the iron-porphyrin site on the myoglobin molecule 10 . 
CO at concentrations of 1-5% increased the reduction 
of metmyoglobin, even in the presence of air 11 . 

Examples of different gas mixtures that contain CO 
for the packaging of meat are given in Table I. A mix- 
ture of 2% CO and 98% air was very effective in stabi- 
lizing the colour of beef for 15 d, compared with 5d in 
air alone 12 . Ground beef parties stored in an atmosphere 



Table 1. Applications of carbon monoxide (CO) in the modified-almosphere 
padacfn* of meat 



Gas combinations (%) 



CO 


CO, 


Nj 




Air 


Refs 


2 








98 


12 


1 


50 






49 


13 


O.S-10 




90-99.S 






14 


1 


51 


18 


30 




15 


1 


50 


25 


24 




16 


1 


20 


9 


70 




16 


2 


20 


78 






6 


1-5 








95-99 


10 


1CC J 










9. 14, 17 


0.4 


60 


40 






18 


0.3-0.4 


60-70 


30-40 
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of 195, CO/50% COj/49% air retained a stable, red 
colour for at least 6d, whereas the colour of samples 
stored in air was stable for only 3 d'\ 

The colour of beef was analysed during storage in 
MAs containing N 2 with 0.5-10% CO. Levels of CO 
> 0.57c resulted in a stable, red colour for >20d, 
whereas discolouration occurred after 5d storage in 
control samples packaged in air ! \ In addition, samples 
of this beef were exposed to pure CO for 2-1 6 h before 
packaging in air. The colour stability of the CO-treated 
samples was no greater than that of untreated samples. 
However, in other experiments the exposure of beef to 
CO before vacuum packaging increased its redness and 
colour acceptability during subsequent chilled or frozen 
storage'* 17 . Beef loin roasts stored in 1% CO/51% 
CO/30% Oj/18% N, were shown to have lower levels 
of metmyoglobin on their surface than vacuum-pack- 
aged roasts. After a further 4 d on retail display, steaks 
from the roasts underwent less discolouration if they 
had previously been stored in the CO mixture 15 . Ground 
beef and beef loin steaks packaged in 1% CO/50%' CO,/ 
25% N\/24% O; or 1% CO/20% COj/9% NV70S O, 
retained a stable colour for 29 d". Similarly, beef loin 
steaks packaged in 0.4% CO/60% CO/40% N, main- 
tamed a stable, cherry red colour for' up to 22 d". 
Experiments with beef and higher levels of CO that is" 
2% CO/20% CO,/78% N„ resulted in meat that had a 
stable colour, however, its colour was characterized as 
•too artificial' by a sensory panel 1 . 

Based on the cited literature, the presence of 
0.4-1.0% CO in MAs used for the packaging of meat 
seems sufficient to produce a stable, cherry red colour. 

Cooked, cured meat products can also benefit from 
storage in MAs containing CO. Packaging in 1% CO/ 
99% N a stabilized the colour of sliced bologna, indi- 
cating binding between CO and denatured myoglobin 1 *. 

Under certain circumstances, an undesirable pink or 
red colour can arise in cooked white meat, such as poul- 
try, and cooked meat products without added nitrite 20 . 
Such colour problems can sometimes be linked with ex- 
posure to CO, which results in similar colours occurring 
after the use of MAs with CO. For example, roasted 
turkey was noted to be pink; this was probably due to 
the presence of CO and nitric oxide in the combustion 
gases in the oven. The pink colour did not occur when 
the turkeys were roasted in complete isolation from the 
oven gases 51 . Combustion engines produce various gases 
including CO, which can affect live poultry during 
transportation to the abattoir. Meat from chickens that 
were exposed to exhaust fumes immediately before 
slaughter developed an undesired red colour on cooking 2 . 

CO and microbiology 

Generally, the purpose of most of the experiments in- 
vestigating the use of CO as a small component of MAs 
for meat has been to study its effect on colour stability, 
and more seldom its microbiological aspects. The* 
growth of psychotropic bacteria on beef stored in MAs 
containing 0.5-10% CO in N, was lower, relative to 
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' Data taken from Ref. 24 



temperatures in the range of O-IO'C' 4 . 
For example, beef packaged in a MA 
of I ft CO/99& N a had an odour shelf 
life of 24 d f compared with 18 d in 
100ft N Jf and 7 d in air at 5*C. How- 
ever, in another experiment with a MA 
of 20ft CO 2 /70ft 0/9% N„ the ad- 
dition of 1ft CO had no effect on the 
microbiological growth on ground beef 
and beef steaks 14 . The presence of bac- 
teriostatic CO, in the latter experiment 
apparently reduced the importance of 
the effect of CO on the shelf life of the 
meat. The odour shelf life of steaks of 
beef loins stored in 0A% CO/60% 
CO^-JOft N 2 was 4d longer than that of steaks stored in 
70ft 0730ft CO, at 4'C". Beef steaks that were ex- 
posed to pure CO before vacuum packaging had an ex- 
tended shelf life compared with untreated controls. The 
total aerobic plate, lactic acid bacteria and psychotropic 
counts of CO-treated steaks were 1-2 Jog cycles lower 
than those of controls after 8 weeks storage at 4 C C". 
In a srjdy using pure bacterial cultures, the presence of 
CO ar a concentration of 5-30% in air had no effect on 
the growth of Pseudomonas aeruginosa, inhibited the 
growth rate of Escherichia coli (in proportion to the con- 
centration of CO), increased the lag phase of Achromo- 
bacrer and inhibited the growth rate of Pseudomonas 
fluorescent**. 

Toxicologica! aspects of CO 
Kec!:h effects of CO 

CO binds to the iron atom of haemoglobin in red 
blood cells, forming carboxyhaemoglobin (COHb). The 
affmiry of haemoglobin for CO is -240 times higher 
than its affinity for 0,. CO also binds to myoglobin, 
cytochromes and some enzymes, but these reactions are 
considered to be of less importance than the formation 
of COHb\ The binding of CO to haemoglobin is re- 
versible, with a half-life of -4.5 h in individuals who are 
at rest. 

Akh.cjsh CO acts primarily by interfering with O, 
transpen, it aJso reduces the delivery of 0 2 to the vari- 
ous tissues*. In humans, health effects are mainly mani- 
fested in the cardiovascular system, the nervous system 
and in the foerus. 

The COHb concentration in blood, often referred to as 
the COHb percent (COHbft), is a function of the CO 
co-:enir2:ior. in the air. the exposure time, and the level 
of physical activity of the individual 34 (see Table 2). At 
a COHb concentration of -2.5ft. the most sensitive 
individuals (patients suffering from cardiovascular dis- 
eases) display changes in cardiac function and report 
ches: pain. At somewhat higher COHb concentrations, 
they experience reduced working capacity and the onset 
of ar.gir.a pectoris on exercise 13 - 26 . In healthy adults, no 
adverse health effects were described at CO concen- 
trations that result in <5ft COHb 27 . 

A s.r.all amount of CO is formed naturally in the 
human body, owing to the breakdown of haemoproieins. 



Table 2. Estimate of carboxyhaemoglobin percent (COHb%) in human blood at different 
concentrations of carbon mono«ide (CO) in the atmosphere, depending on the level of physical 
activity 1 



Exposure 



CO concentration (mg/m 1 ) 

10 
.25 
"40 



COHb% 



Timefh) At rest Moderate activity Heavy work 



1J 
1.0 
1J 



1.4 
\3 
2.2 



1.4 
2.0 
2.9 



Table 3. Association between different carboxyhaemoglobin (COHb) levels in 
blood and health effects* 



COHb% Observed health effects 



250 
210 



25 

22.9 

22.3 

22 

22 



Unconsciousness, le thai if not treated 

Headache, nausea, vomiting, diainess 

Life threatening for heart and lung patients; headache in other 
individuals - / 

Reduced maximum oxygen consumption during exercise in healthy 
individuals 7 

Reduced visual perception, learning ability and fine motor 
performance 

The foetus can be affected on carbon monoxide exposure of 
pregnant women 

Jjfir Pat ' entS Cndjre ,e " Phy5iMl Slrain bebre "P^e^S 
Reduced physical working capacity, especially endurance 
Possible reduction in attention and ability to concentrate 

Signs of local lack of oxygen and onset of chest pair, in heart 
patients 



Dauuienf.-onRffj 25-27 



Soch prodocnon leads to , COHb concentration of 
-0.5%. The average COHb concentration in non- 
smoker? is 1.2-1.5%. ajuJ -3-4% in smokers" 

The absorption and excretion of CO from the body 
occur relatively slowly; thus, exposure to elevated CO 
levels over short time periods wfli „ot result in a signifi- 
eat increase in the COHb ;evel in the blood. Table 3 
details the vanou, health effects observed at different 
COHb levels. Thus table confirms that exposure to CO 
that results in a COHb level greater than -2% should be 
avoided to protect the most vulnerable individuals in the 
population. 

In order to protect the most vulnerable in societv 
a Norwegian expert group on air pollution 1 ' recom- 
mended maximum CO concentrations for different 
exposure limes that will prevent COHb levels from ex- 

ceeding 1.5% taking into consideration endogenous CO 
fn nn Minn rTokt* a\ c 



Table 4. Estimates of carbon monoiide (CO) levels in ambient air that will 
result in arboijrhiemoglobln (COHb) levels of including endogenous 
CO production 1 



Upcsurt time 




CO concentration in air 




At rest 


Moderate activity 


Heav7 work 


15 min 


170 


80 


52 


jOmln 


86 


42 


29 


th 


48 


24 


18 


8h 


11-5 


9.2 


9.2 





after a considerable period of time (depending on the 
concentration and level of physical activity). Even in a 
'worst-ease' scenario, equilibration between the CO 
concentration in the gastrointestinal tract and blood will 
lake time. Furthermore, the absorption of CO from the 
gastrointestinal tract into the blood will in all probability 
be less effective than the absorption of CO from the 
lungs, which are composed of tissues that are designed 
to facilitate gas exchange between the alveoli and the 
blood. Consequently, it is highly probable that the con- 
sumption of one meal of CO-exposed meat per day will 
not result in measurable increases in the COHb level in 
blood. 



Exposure to CO on consumption of fresh meat treated 
with a CO gas mixture 

Very little information exists in the literature on the 
exposure to CO following the consumption of meat that 
has been treated with CO gas. The inhalation of air con- 
taining CO at a level of 57mg/m J (the acceptable level 
in working environments in the USA) would provide a 
COHb level for a prolonged time period (hours) of at 
least 14 times that of the level reached temporarily on 
the consumption of 225 g of meat that had been pack- 
aged in CO at the saturation level for myoglobin 14 . In 
this estimate, it was assumed that the saturation of the 
meat myoglobin and haemoglobin was maximal and that 
the transfer of CO from the gastrointestinal tract to the 
blood was 100%. Consequently, even for such a 'worst- 
case' scenario, the treatment of meat with CO gas ap- 
pears to contribute very little to COHb levels, relative to 
levels that are considered safe in the working environ- 
ment. The exposure of beef to an atmosphere containing 
\% CO for 3d resulted in -30% saturation of the meat 
myoglobin*. CO is lost from previously CO-treated 
meat during storage in the absence of CO, with a half- 
life of -3d. When the beef was cooked at 195°C, only 
0. 1 mg of CO remained per kg of meat. The loss of CO 
amounted to -85%. 

Comparison of CO exposure from air and the 
consumption of gas-treated meat 

Data are very scarce, but comparisons still allow crude 
estimates to be made. An adult inhales - 1 0-20 m J of air in 
24 h (depending on their level of activity). This is equiva- 
lent to 0.42-0.84 mVh (or 3.36-6.72 m 3 in 8 h). In order 
to prevent a maximum COHb level in the blood of 1.57c 
being exceeded, the CO concentration in air for a 1-h 
period of moderate physical activity should not exceed 
24 mg/m\ or 9.2 mg/m 3 in 8h (according to Table 4). In 
contrast, the consumption of meat that had been treated for 
3d in an atmosphere containing \% CO yielded -0.1 m? 
of CO per kg of meat on storage and cooking M . Eased 
on these data, a comparison can be made from the two 
methods of exposure to CO, and is shown in Table 5. 

Equilibrium between CO present in the atmosphere 
and the COHb concentration in blood is reached only 



Toxicological evaluation of the use of CO as a 
J packaging gas for meat 

Unfortunately, the European Union (EU) has not evalu- 
ated CO for use as a packaging gas for meat However, 
CO, and nitrous oxide (N,0) have both been approved 
for use for extraction purposes, and it was considered 
unnecessary to adopt an acceptable daily intake (ADD 
value for these gases in this application*. . 

In order to avoid possible adverse health effects in 
those individuals who are the most susceptible a 
Norwegian expert group on air pollution recommended 
maximum CO concentrations in ambient- air that result 
id COHb levels not exceeding \3% (including endogen- 
ous CO production)". Estimates detailed above indicate 
that, even assuming an improbable 100% absorption of 
CO from the gastrointestinal tract into the blood the 
consumption of meat that has been treated with lft CO 
will result in COHb levels *hat are negligible (approxi- 
rcately three orders of magnitude lower) compared with 
those resulting from exposure in the working environment 
to CO at an acceptable level. Consequently, it is highly 
improbable that CO exposure from meat packaged in an 
atmosphere containing up to 03% will represent a toxic 
threat to consumers through the formation of COHb. 

Alternatives to the MAP of retail meat 

Currently, the most commonly used MA for the retail 
packaging of meat contains O, at a high concentration in 
combination with CO Jf such as -70tf O/30% CO, The 
shelf life of meat in a high O, atmosphere in commer- 
cial practice, typically at temperatures of 6-8 c C is ~7d 
being limited both by mioobiological spoilage 'and dis- 
colouration. Meat that is stored in a high O, concen- 
tration is often spoiled by bacteria such as Brochothrix 
thermosphaaa and pseudomonads*. In MAs with a 
high concentration of 0 2 , the meat normally maintains 
its bnght red oxymyoglobin colour for 4-7 d before the 
colour starts deteriorating to grey-brown, owing to the ' 
formation of mermyoglobin' 1 . This length of time is 
often not considered to be sufficient to display and sell 
the product 

The use of MAs with a high concentration of CO,, 
either alone or in combination with up to 10% N\ 
would increase the microbiological shelf life of the meat 
compared with that of meat in a MA with a high 0 2 con- 
centration. The absence of O, together with the presence 



of CO, retards microbiological growth. 
Unfortunately, the colour of meat 
packaged in MAs containing CO, is 
less satisfactory, being either purple or 
grey-brown due to the formats of 
deoxymyoglobin or metmyoglobm, re- 
spectively. The meat inevitably dis- 
colours when the 0 2 concentration is 
low. Metmyoglobin formation can be avoided by maintain- 
ing O, concentrations <0.01-O.I% for beef 11 and <0.5* 



Table S. Theoretical uptake of carbon monoxide (CO) in blood 



tiposure method 

lungs'] 5 mlfe, 
MealQSOg. COtreared) 



CO Intake in 1h 

24ma.X0.625: 
0.025 mg 



CO intake in 8 h 

U.lmg 9.2 mgX5«46.0mg 

0.025 mg 
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vacuum packaging has not proved to be a successful 
method for the retail packaging of meat, because of the 
purple deoxymyoglobin colour of the meat and the vis- 
ible exudate that occurs in the packages'* Meat that is 
packaged in a vacuum cannot be presented in the bright 
red oxymyoglobin state, which depends on the presence 
of a high concentration of 0,**. or in the cherry red 
carboxymyoglobin state, which requires CO to be in- 
eluded in the MA. 

One of the objections that has been raised against the 
use of CO as a packaging gas is the potential hazard it 
might represent to workers in meat plants. Although the 
use of pure CO for mixing in the plant would certainly 
E£ C « Ch V?* lhe ***** of l% C0 in 8 nuxture with 
». v- hu b " n the practice ot « M suppliers to 

the Norwegian meat industry, is recognized by the heaJth 
authorities to be a very safe handling procedure. 

MAs that contain 60-70% O, must be handled care- 
fully, because they are explosive gas mixtures. Strict 
safety reflations apply to explosive gas mixtures, in- 
creasing the costs of equipment and packaging oper- 
ations. The benefits of a CO mixture is that it carries no 
nsk of explosion and therefore does not increase handlinc 
costs. * 

Despite the long-term knowledge of Lhe many advan- 
tages of the use of CO as a component of MAs for meat, 
CO mixtures have not been adopted to any great extent 
by the global meat industry: In many countries, includ- 
ing the USA and countries within the EU. CO is 
presently not permitted for use in the MAP of meat" 4 . 
However. Norwegian food control authorities have not 
opposed the use of CO as a packaging gas at concen- 
trations of up to 0.57c. As a member of the European 
Economic Agreement. Norway is expected to adapt 
gradually to EU food regulations, including those relat- 
mg to gases for the packaging of foods. The Norwegian 
meat industry is therefore preparing an inquiry, to be 
directed at the Norwegian and EU food control author- 
ities. for the continued use of CO in the MAP of red 
meats, which will be partly based on the toxicolo*ical 
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CO,, for example 60-70%. is necessary for micro- 
biological control. Although MAP enables centralized • 
packaging operations xvith qualiry control to be carried 
out, MAP alone cannot guarantee the shelf life 0 f the 
product. Sufficient shelf life can be obtained only 
through the proper quality control of raw materials 
production, packaging, chill chain and retail conditions. ' 

Conclusions 

Gas mixtures that contain a low concentration of CO 
up to 0.5%. and a high concentration of CO, -70%' 
have many advantages with respect to shelf life', colour" 
stability, labour safety and costs. The use of CO at such 
concentrations does not present any toxic threat to con- 
sumers. Considering the benefits the Norwegian meat 
•ndustry has experienced with CO gas mixture? over the 
past decade, potential exists for their wider application 
in the retail packaging of meat. 

Acknowledgement 

The financial support from the Research Council of 
Norway is greatly appreciated. 

References 

7 c,nxa,, 5e3) scut.** a*o».owd. i« s Wk) \ WStL 



9 lent*. CP. (1 9793 tffect of light Intensity and OAer Factors on tf» 
Color o/ frozen Prepackaged Beef in Can. /nst rood Techno/. I 
12(21.47.50 

10 Wolfe. 5X (I960) Use of CO- and CO^nriched Atmospheres for Meats. 
Fish, and Produce' in food Tec.W. 34(JX 55-6J 

11 lanier. T.C, Carpenter. (A, Toledo. R.T. and Reagan. J.O. (1978) 
'Metnyojlcbin Reduction in Beef a* A5ecied by Aerobic, Vjerabx wd 
Carbon Ktonoaidc Corijinin| Em-ironments' ml food Sci 43, 1755-1791 
1796 

1 2 El-Badmi AA. Carfi (Lf , Somyels. C£. and Angelmeier. AF. (1 964) 

12 C«.Ol.and6/own,W.O.(i97e)^ 

Ground Beef Stored Under an Atmosphere ConUinin| Carbon Oioxlde and 
Carbon Aionotidc* in /. Agric food Chen 26. 274-271 

1 4 Clark. D J, lentz. CP. and Roth. IA (1 9761 Vie of Carbon Monoxide for 
Extending ShelMifc of Prepackaged Fresh Beef in Can. Inst food 561 
Techno/./ 5(31. 114-117 

15 Seldemann, S.C, Carper.ter, Z-U SmiA. C.C. Dili CW. and Vandeaant C 
(1579) "Physical and Seraory Characteristics of Beef Packat - ' in Modified Gas 
A-mosphem' in I food Protect 42. 23 J-2J9 

16 tunc. AU Beftran, JA and RoncaWs. P. (1996) '31*04% extension and Colour 
S'jbi1i»:ion of Beef Packaged in a Low 0, Atmosphere Containing CO: 

1 . - loin Steab. 2. - Ground MeiT in Proceedings oft* 42nd Intention! 
Congress of Men Science and Technology, Unehvnmer, pp. 76-79, 
rVATf ORSK - Norwegian Food Research Invito*. As. Norway 

17 Brewer, MS. Wu. Field. RA and Pay. B. (1994) Carbon Atonoxide Effects 
on Color and Microbial Counts of Vacuum-pjckiged Fresh Beef Saakj in 
Refrigerated Storage' in JL food Qui. 17, 2JU244 

1 8 Someinx Nissen, H. and Nesbakken. T. (1 997) -Shelf l»e and Colour 
Stability cf Beef loin Steaks Packaged in a Modified Atmosphere with Carbon 
Monwide* in Proceedings of the 43rd tnterwiomt Congress ofMest Science 
and lechnotogf, Aucktsnd. 694-695. Meal Industry Research Institute of 
New Zealand, Harnittorv New Zealand 

19 Augaard. |. (1 593) -Colour SubiTrfy of Packed Meat Products' in 
fieischmrachih 7j, 42M31 

20 ledwjrd. OA and Shaw, R. (i 994) 'Mea: Processing - Undesirable Pink 
Cdoraiion in Uncooked Cured Ateaf in Atear focus tot 3, 295-298 



21 Maga. )A 11994) 'Fink Oiscolorarion in Cooked VMiite Meaf in r*ood*ev in 
10. 272-286 

22 f renin* C.W„ Mather. f& H Oaddario, ). and Hammg. Ti. (1 969) IrTect of 
Automobile Exhaust Fume Inhalation by Poultry Immediately Prior to Slater 
on Color of Ateif in Poultry ScL Wis* 48. 485-487 

23 Gee. Dl. and Brown. WD. (1 580) The Vied of Carbon Monoxide on 
Bacterial Growth' in Men ScL 5. 2 1 S-222 

24 Cobum. R.F„ Fonter, R.L and Kane. PJ. (1965) tonjideralkyB of (he 
Physiological Variables That Determine the Blood Oxyhemoglobin in 
Man' inf. On. invest 44. 1895-1910 

25 Aronow. Wj. and IsbeH, M.W. (1973) tarbon Monoitde Wed on Uercise- 
induced Angina Pecionj' in Ami teem. Med 79. 392-395 

26 Allredl LN. ef it (1 569) Short-term Effects of Carbon Monoxide Exposure on 
the Eiercne Performance of Subject! with Coronary Artery Dbeue' in Sew 
fn/UAIerf. 321. 1426-1432 

27 Aurun. K. er i/.(l 992) f fet» of Ambient Ak Pollution on Hethh and 
fmwvnenf - Ak Quj/iry Cuidetinex Report No. 92:1*. pp. 154-1 70. Sutc 
Po/lution Control Authonry 6F71 Oslo. Norway fm Norwegiani 

28 Wa.u DA, Wolfe, SX and Brown. WD. (1 978) Tate of TO Carbon 
Monoxide in Cooked or Stored Cround Beef Samples' m I Agric food Chen. 
26.210-214 ^ 

29 Commiuion of the European Un«n (Cf U) (1961) food- Jcfcnce and 
7ec/Vicue (*epon from (.He Scientific Comnuzee br food, lttSSerief uD 6 
au. BiuimU. Belgium P * * 

30 Gill, CO. (1 596) titending the Storage life of Raw Chilled Meau' in A*af 
Scl 43 (suppl. cuuci 99-1 10 

31 Cill. CO. and McGinnit. J.C. (1 995) The Effectt of Residual Oxygen 
Concentttion and Temperature on (he Degradation cf the Colour of Beef 
Packaged Under Oxygefrdepfeted Ai-nosphens' m Ateaf Sci 39. 387-394 

32 Sorheim. O. Erlandsen. T, Nhsen. H, lea. P. and Hoyem. T. tffectt of 
Modified Atmosphere Storage on Colour and M<robfolo|kal Shelf life of 
Normal and Pate. Soft and txudative Pork' in Meat Sci (in pros) 

33 Taytor.AA, Down. Ni. and Shaw, B.C. (1 990) *A Companion of Modified 
Atmosphere and Vacuum Skin Padung lor the Storage of Red Meatt' in tot L 
food Sci technol. 25. 9&-109 

34 European Parliament and Coundl Oireaivt (1995) of 20 February 19°5on 
food Additives Other Than Colours and Sweetener,* in Orl JL fur. Commva 
No.l6M-38.18J.95 



r\ r\ r\ * — \ —\ 



4 



1 





ELSEVIER 



MEAT 
SCIENCE 



Men Science 52 (1999) 137-164 



The storage life of beef and pork packaged in an atmosphere with 
low carbon monoxide and high carbon dioxide 

Oddvin Sarheim - -*, Hilde Nissen", Truls Nesbakken b 

b v • w 'MWOMK-Nor+tgian Food Rttterek InttUutt. OjtenUn 1. S-I430 At. A'orw*. 
So,** V cn Meal Cocperciu. Depcrtmen, c/JUuarch and Develop™*,. FO Box 360 0k,m. N4511 Oslo. Norway 

Received 13 February 1998; received in revted fern 2$ October 1998; accepted I December 1998 



Abstract 

o ef i b "Lv n "" kS " d v P °/ k ch °P J were P acka S id in "mospheres of 0.4K CO/60V. COMM N, and 70% 

0**30% CO,. In ■ddil.on ground beef wa, packaged in clipped chub packs, beef loin steaks we„ s Scuua p«katd a-d lork 
chops were packaged in an atmosphere of 60V. K, uitS • « package, a-a pork 

the dark at 4 or 8'C for up to 21 days. Meat in oXcoSvi CO MOV N S^^? 1 fc ! ,,, 7 b, f* ^J"** " ored ta 
time of spoilage. The storage live, in'thi, gas £&t£gZ££?£ SJSiV^ nfJ SlXto^Ww 

loin steaks and pork chops, respectively. The 70% O,/30V. rn t . i • . \ . „ ? . days for * T W*d beef, beef 

sphaeta, which grew in all meat types, or by cseudomonad* in »rm.nrf k~r x#..» a • it i * Brwhothrix thermo- 

x r- * r «' ' b " ,b " •" od °° n = ^^^^^ttc^^rt , a 



1. Introduction 

The main reasons for modified atmosphere packaging 
(MAP) of red meats for retail sale are to prolong the 
microbiological shelf life and to maintain an attractive 
red colour of the product. Modified atmospheres (MA) 
usually consist of carbon dioxide (C0 2 ) for inhibiting 
microbiological growth, oxygen (OJ for enhancing col- 
our and, occasionally, nitrogen (NJ as a filler. The most 
common gas mixture for retail-ready meat contains 
approximately 70 c /e 0 2 and 30% C0 2 , and gives the 
product an extended shelf life compared to air (Gill, 
1996). The shelf life and colour stability of meat stored 
in this gas mixture is still limited. To obtain a stable red 
colour for the meat, low concentrations (< 1%) of car- 
bon monoxide (CO) can be introduced in the MA. 
Then, 0 2 can be removed from the gas mixture and the 
concentration of bacteriostatic C0 2 can be increased. 
Anaerobic conditions extend the shelf life of meat con- 
siderably compared to air and 0 2 -enriched atmospheres 
(Gill & Molin, 1 991). CO binds strongly to the meat 
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pigment myoglobin to form stable carboxymyoglobin 
which has a cheny red colour (El-Badawi, Cain, 
Samuels, & Angelmeier, 1964). Low concentrations of 
CO have little effect on the microflora of meat (Clark 
Lentz, & Roth, 1976; Gee & Brown, 1978; Luno. Bel' 
Iran, & Roncales, 1998). 

The Norwegian meat industry has for the past decade 
been using a gas mixture of approximately 0.3-0.5% 
CO, 60-70% C0 2 and 3CM0% N 2 in retail-ready 
packages of beef, pork and lamb. Packages with this gas 
mixture now have a 50-60% share of the domestic, 
retail, red meat market. The technological, hygienic and 
toxjcological aspects or using CO in MA Tor meat have 
recently been reviewed with the conclusion ' that CO 
used m concentrations up to 1% does not present a 
toxic hazard. to the consumer (Sorheim, Aune, & Nes- 
bakken, 1997a). However, CO may mask spoilage, 
because the stable cherry red colour can last beyond the 
microbiological shelf lire of the meat (Kropf, 19S0). 

The inclusion or CO in MA Tor meat is controversial. 
CO is presently not allowed in MA for meat in the USA 
and in the EU (Cornrorth, 1994; European Parliament 
and Council Directive, .1995). However, Norwegian 
food control authorities have up to now not opposed 
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the use of up to 0.5% CO in MA for meat. This would 
change with an adoption of EU food regulations in 
Noway. Consequently, the Norwegian meat industry is 
s:eking amendments of current EU food regulations 
relating to the use of CO in MAP of red meats. If the 
use of CO should be disallowed, other means of main- 
taining the long shelf life and the attractive red colour of 
the meat will have to be sought. 

The aim of the present experiments was to compare a 
commercial Norwegian CO/COj/Nj mixture with alter- 
native gas mixtures and packaging methods for their 
- effects on the off-odour, microflora and colour of 
ground beef, beef loin steaks and pork chops stored at 4 
or8°Cfor up to 21 days. 



2. Materials and methods 

2 J. Preparation of meat 

2 J J. Ground beef 

Twenty cow and bull carcasses of Norwegian Red Cat- 
tle, which weighed on average 275 kg, were electrically 
stimulated with 90 V and were chilled using programmed 
air temperatures between 12 and -5*C. Two days after 
slaughter the carcasses were deboned, and trimmings with 
14% fat were ground through a 4 mm plate. The batch of 
ground beef was divided into 500 g portions. 

2 J J. Beef loin steaks 

Loins (m. iongissimus lumborum et thoracis) with ulti- 
mate pH values below 5.8 were deboned from 25 bull car- 
casses of Norwegian Red Cattle. These carcasses, which 
weighed on average 275 kg, were stimulated, chilled and 
deboned the same way as the carcasses used in the pre- 
paration of ground beef. The loins weie vacuum packaged 
and aged for 1 1 days at 3°C. Thereafter, the loins were cut 
into steaks 2.5 cm thick, and were randomly assigned to 
retail packs which each contained two steaks. 

2 A J. Pork chops 

Thirty pig carcasses of Norwegian Land Race, which 
weighed on average 75 kg, were blast-chilled. Four days 
after slaughter, bone-in loins were removed and crust-fro- 
zen in liquid N 2 at - 50 a C for 20 min to facilitate cutting of ' 
chops. The chops, which were 1 .6 cm thick, were randomly 
assigned to retail packs which each contained two chops. 

2.2. Packaging 

Ground beef, beef loin steaks and pork chops were 
packaged in 0.4% CO/60% CO 2 /40% N 2 (CO mixture) 
and 70% 0^30% C0 2 (high 0 2 ). In addition, ground 
beef was packaged in clipped chub packs, beef loin 
steaks were vacuum packaged and pork chops were 
packaged in 60% CO 2 /40% N 2 wi'h one Ageless^ FX- 



100 0 2 absorber (Mitsubishi Gas Chem. Co. Inc., 
Tokyo, Japan) in each pack (mixture with 0 2 absorber)! 

The meat was packaged at a commercial meat plant 
within 2 h of grinding or cutting. Meat in the CO 
mixture, the high 0 2 mixture and the mixture with 0 2 
absorber was packaged in an Ilapak Delta 2000 flow- 
packaging machine (Ilapak Machine Auto S.A., Gran- 
cia, Switzerland). The CO mixture was a blend of 1% 
CO/99% N 2 with 100% C0 2 . The high O a mixture was 
used as a preblend. The mixture with 0 2 absorber was a 
blend of 100% N 2 with 100% C0 2 (all gases, Hydrogas, 
Porsgrunn, Norway). The initial gas volume to meat 
weight ratio in the packs was approximately 1.5 to 1. 
The packs consisted of polyethylene trays (Farch Plast, 
Holstebro, Denmark) wrapped in Cryovac BDF 550 
shrinking film (Cryovac, Milan, Italy) with an 0 2 
transmission rate of 19 cm 3 /m 2 /24 h/atm at 23°C and 
0% RH. Chub packs of ground beef were packaged in a 
clipping machine (Poly-Clip, Frankfurt, Germany) 
using a red, fishingnet-pattemed, polyethylene film 
(SFK, Vidovre, Denmark) with an O a transmission rate 
of 500 cm 3 /rn 2 /24 h/atm at 23*C and 0% RH. Beef loin 
steaks were vacuum packaged in a Multivac 5100 
thermo-forming machine (Multivac, Wolfertschwender., 
Germany) using a terephtalate/polyethylene upper film 
and polyamide/polyethylene lower film with 0 2 trans- 
mission rates of 10 and 16 cm 3 /m 2 /24 h/atm at 23'C and 
0% RH, respectively (Danisco, Horsens, Denmark). 

2.3. Storage and sampling of meat 

Five samples were collected from the ground beef 
batch, beef loins and pork loins before packaging, for 
pH measurements and microbiological analyses. 

The packaged meat was stored in dark chilling rooms 
at 4 ± 0.5 or 8 ± 0.5°C for up to 21 days at least until off- 
odours developed. Five packs were removed per pro- 
duct, packaging method, storage temperature and sam- 
pling day after the following storage times: 

• ground beef: 2, 4, 6, 8 or 11 days; 

• beef loin steaks: 3, 7, 10 or 14 days; and 

• pork chops: 3, 7, 10, 14, 17 or 21 days. 

2.4. Cos analyses 

The atmospheres of packs with MA were analysed for 
0 2 and C0 2 immediately after packaging (approxi- 
mately every tenth pack) and at sampling (all packs). 0 2 
was determined using a Toray LC 700-F gas analyser 
(Toray Engineering, Osaka, Japan) and C0 2 using a 
Toray PG-I00 gas analyser (Toray). The threshold 
levels for the 0 3 and C0 2 analyses were 0.05 and 1%, 
respectively. Gas samples or 10 cm 3 were removed with 
a syringe through selfsealing patches on the packs. 
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2 J. pH 

The pH measurements were made directly in the meat 
with an Ingold Xerolyt gel electrode (Mettler-Toledo 
A.G., Greifensee, Switzerland). 

2.6. Odour 

The meat was evaluated for odours by a three mem- 
ber trained panel between 0.5 and 1 min after opening 
of the packs. The off-odour scale used was: I = none^ 

3 = slight and 5 = extreme. Scores of 3 or below were 
considered acceptable. 

2.7. Microbiology 

Ten gram meat samples were collected from por- 
tions of the ground beef, and diluted in 90 g peptone 
water. A sample 25 cm 2 and 2-3 mm thick was 
removed from the surface of each beef loin or steak 
and pork loin or chop with a scalpel, and diluted in 
100 ml peptone water. Each sample was macerated in 
a Stomacher for 1 min. Serial 10-fold dilutions of each 
Stomacher fluid were prepared, and 20 pi volumes of 
appropriate dilutions were plated in duplicate on the 
following media: 

• plate count agar (PCA; Difco, Difco Laboratories, 
Detroit, MI, USA) for total viable counts; 

• de Man, Sharpe and Rogosa agar (MRS; Oxoid, 
Unipath Ltd., Basingstoke, Hampshire, UK) 
adjusted to pH 5.7 for lactic acid bacteria (de 
Man, Rogosa, & Sharpe, 1960); 

• streptomycin thallous acetate actidione agar base 
(STAA; CM 881 with selective supplement SR 
151; Oxoid) for Brochothrix thermosphacta; 

• pseudomonads agar base (CFC; CM 559 with 
selective supplement SR 103; Oxoid) for pseudo- 
monads; 

In addition, 1 ml portions of appropriate dilutions 
were plated in duplicate on petrifilm coUform count 
plates (3M Microbiology Products, St. Paul, MN, USA) 
for enumeration of coliforms and Escherichia colt. 

Plates of PCA, MRS, STAA and CFC were incu- 
bated at 20 = C for four days, and petrifilm plates at 30 e C 
for up to 2 days, all aerobically. Counts were expressed 
as colony forming units (CFU) per g or cm 2 . 

2.5. Colour 

A six-member trained panel evaluated the colour of 
the meat in intact packs under 1200 ±200 lux Warmton 
Lumilux L36W/31 yellow-white light (Osram, Dram- 
men, Norway). The colour was assessed on a scale 
where 1 = bright red (ground beef and teef loin steaks) 
or light bright red (pork chops), 2 = red (ground beef 



and beef loin steaks) or light red (pork chops), 
3 = slightly brown, grey or green, 4 = moderately brown, 
grey or green and 5 = extremely brown, grey or green 
(National Live Stock and Meat Board, 1991). 

A Minolta Chroma Meter CR-300 (Minolta Camera 
Co., Osaka, Japan) with 8 mm viewing port and iUuminant 
D 6 s was used for measuring CIE a* values (redness). 
The colour was measured directly at the meat surface 
within 1 min of opening of each pack. 

Ground beef in chub packs was not included in the 
colour analyses because the red packaging film hides the 
colour of the product With pork chops, the colour of only 
the m. longissimus lumborum et thoracis was analysed. 

2.9. Statistics 

Analysis of variance by Tukey's multiple comparisons 
test was performed using the Systat programme, version 
6 (Systat Inc., Evanston, IL, USA). 



3. Results 

3 J. Ccs composition 

The initial 0 2 concentrations in packs with the CO 
mixture and the mixture with 0 2 absorber were all 
below 0.5% immediately after packaging. Oj was not 
detected in these packs after 2 or 3 days storage. The 
level of 0 2 in packs of high Oj was -reduced from the 
initial 70 to 60-65% during storage for up to 21 days. 
Concentrations of COj in the packs were generally 
reduced by one fifth after 2 or 3 days storage, and were 
then stable (data not shown). 

3.2. Storage life of ground beef 

The time to develop off-odours was 2 to 3 days longer 
for ground beef stored in the CO mixture and in chub 
packs than in high 0 3 , and it was 4 or 5 days longer at 4 
than at 8°C for all three packaging methods (Table 1). 
In high 0 2 , the total viable counts increased faster and 
were higher {p < 0.01) than for the other two types of 
packaging after 2 days at either 4 or 8°C (Fig. 1(a)]. The 
total viable counts were more than 90% lactic acid 
bacteria (data not shown). The high numbers of lactic 
acid bacteria in ground beef, up to approximately 
log| 0 8 CFU/g, caused a decrease in the pH value from 
the initial 5.7 to 3.2 after 6 days when the meat was 
stored in the CO mixture or chub packs at 8°C (data 
not shown). At 4°C, the pH value was reduced to 5.5 
after 11 days in both those packaging systems. The 
numbers of B. ihermosphacta increased, in meat in 
high 0 2 [Fig. 1(b)], In meat in high 0 2 the numbers 
of pseudomonads increased up to approximately 
logj 0 7CFU/g t but only to log 10 5 and 6 CFU/g in 



160 



meat in the CO mixture or chub pacts, respectively 
(data not shown). 

Ground beef in the CO mixture had a stable bright 
red colour, 2s shown by both the low colour scores and 
the high a* values (Fig. 1(c) and (d)J. Meat in high 0 2 
was significantly less red (p < 0.05) than meat in the CO 
mixture, with higher colour scores and lower a* values 
it day 2 2nd at later storage times at both 4 and 8°C 
The colour of meat in high 0 2 d:ieriorated with time, 
sirr.ificantly faster (p < 0.01) at 8 than at 4°C. 

Table I 

Ti.r.c for development of crT-odoun in different typei of neat in 
vinous pacings at storage temperatures of 4 or 8*C 
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3.3. Storage life of beef loin steaks 



Product 


Packaging* 


Time of 
off-odour 
detection (days) 

4'C 8 # C 


Gro-jnd beef 


CO mixture 


II 


6 




High 0 2 


8 


4 




Chub packs 


11 


6 


E::f loin steaks 


CO mixture 


14 


7 




High 0, 


10 


7 




Vacuum packs 


14 


7 


Perk chops 


CO mixture 


21 


14 




High 0 3 


14 


7 




Mixture with O a absorber 


17 


10 



• CO mi*:ure- modified atmosphere of 0.4% CO/60"/* COj/40% 
N 2 : High Oj- modified atmosphere of 70V. O z O0% CO,; Mixture 
w*:h 0, absorber- modified atmosphere of 60% COj/40% N a with an 
0 : absorber in the pack. 



At 4«C, off-odours developed 4 days later in beef loin 
steaks in the CO mixture and in vacuum packs than in 
high 0 2 (Table 1). At 8°C, no differences in the develop- 
ment of off-odours were observed. Off-odours developed 
4 to 7 days earlier in meat at 8 than at 4°C The type of 
packaging did not significantly affect (p < 0.05) the total 
viable counts on the meat, but the counts were sig- 
nificantly higher (p < 0.01) at 8 than at 4°C after both 3 
and 7 days of storage [Fig. 2(a)]. The numbers of B. 
thermosphacta were less than Iog l0 4 CFU/cra 2 in meat in 
all types of packaging at all times, but were significantly 
higher < 0.05) on meat in high 0 2 at 7 and 10 days than, 
on meat in the CO mixture and in vacuum packs at 
equivalent times [Fig. 2(b)], The numbers of pseudomonads 
did not exceed log 10 3.5 CFU/cm 2 at any sampling 
time, and were not significantly affected (p > 0.05) by 
the type of packaging or the storage temperature. 

The colour of the beef loin steaks in the CO mixture 
was stable bright red throughout storage at both 4 and 
8°C, as shown by the low colour scores and high a* 
values [Fig. 2(c) and (d)]. Steaks in high 0 2 were also 
bright red with high a* values at day 3, but these steaks 
discoloured gradually between days 3 and 10, sig- 
nificantly faster (p < 0.05) at 8 than at'fC. Meat in 
vacuum packs was slightly discoloured with low a* 
values throughout storage. The colour scores and a* 
values of vacuum packaged steaks were not significantly 
affected (p > 0.05) by the storage temperature. 
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Colour 




4 6 

5:eri;e firse (iiys) 



4 6 8 

Sara;* trr.s (iiys) 



Fig. I. Mean values (« = 5) for (a) total viable counts, (b) numbers of BrochothrLx iherniotphscto. (c) visual colour scores and «h CIE v.l u .« fer 
S :c,,d b::r stored in 0.4V. CO/60% CO^OV. N s « 4-C (O) or V C ( • ), in 70V. CO, .! 4"C (□) or 8'C B) o cSb a=£ >\ 

(£) or VC (A). Cclcar was £<<: 5S; d cr. a seal: where I - bright red and 5 - extremely discoloured. 
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3.4. Storage life of pork chops 

For pork chops, off-odours developed more slowly in 
meat in the CO mixture than in meat in the mixture with 
0 2 absorbers or in high 0 2 (Table 1). Off-odours were 
detected 7 days earlier at 8 than at 4°C for chops in each 
type of packaging. The type of packaging did not affect 
the total viable counts on the pork chops [Fig. 3(a)], 
However, the counts were greater on meat stored at 8 than 
at 4 9 C. The numbers ofE. thermospkecta on chops in high 
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0 2 were significantly higher {p < 0.01) than on chops in 
the CO mixture or in the mixture with 0 2 absorbers after 7 
days at 8°C or 10 days at 4°C, and reached approximately 
log I0 6 CFU/cm 2 [Fig. 3(b)]. The numbers of pseudomo- 
nads did not exceed log l0 3 CFU/cm J on any of the pork 
chops. 

The colour of pork chops in the CO mixture was light 
bright red with high a* values throughout storage [Fig. 3(c) 
and (d)]. Chops in high 0 2 were red at day 3, but dis- 
coloured during storage, significantly faster (p < 0.05) at 
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Fit. 2. ?.fean values (/i « 5) for (a) total viable counts, (b) numbers of Erochothrix thsrmospkacta, (c) visual colour scores and (d) CIE a* val-es for 
beef loin steaks v.ored in 0.4% CO/60% CO 2 /40% N s at VC (O) or VC (•). in 70% <V30V. C0 3 tt VC (□) or E'C (■). or in vacuum ci-ks at 
4*C (7) or «'C (T). Colour was assessed cn a scale vhere I - bright red and 5- extremely discoloured. 



Microbiology 
-r 




0 3 7 10 14 17 



21 



0 3 7 10 14 17 
Sterns fns Kays) 



21 



Fi|. 3. Mean values (n e 2) for (a) total viable counts, (b) number* of Erochothrix thermcsphecta, (c) visual colour scores and (d) CIE a* values for 
perk chops stored in 0.4% CO/60% COj'40% N, at 4'C (O) or S' C (•), in 70% O 2 /30% C0 2 at 4*C (Q) or 8'C (■), or in 60% COi/40% N 2 
v O; absorbs at 4'C (O) or S'C (4 ). Colour was assessed on a scale where 1 « light bright red and 5 - extrenttv discoloured 
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8 than at 4°C Approximately 75% of "the chops in high 
0 2 had black back bones at the time of sampling. Chops 
in the mixture with 0 2 absorbers were moderately dis- 
coloured from day 3 to the end of storage. These chops 
had a 9 values similar to those of chops in high 0 2 . 



4. Discussion 

4.L Off-odour and microflora 

The shelf life of the meat, as determined by the time 
to develop off-odours, was influenced by the packaging 
method, the storage temperature and the initial micro- 
biological load on the meat. Storage of meat in the CO 
mixture, in vacuum packs or in chub packs gave the 
longest shelf lives. Meat stored in high 0 3 generally 
developed off-odours 2-7 days earlier at 4 or 8 C C than 
meat packaged in the other gas mixtures or by the other 
methods. 

The differences in the rates of development of off- 
odours, as affected by the packaging method, were sel- 
dom related to any differences in numbers of total viable 
counts. However, the development or off-odours from 
the three meat types, especially ground beef and pork 
chops in high 0 2 , coincided with the attainment of high 
numbers of B. tkermosphacta. For ground beef, storage 
in the CO mixture retarded growth of B. tkermosphacta 
even more than storage in chub packs. At chill tem- 
peratures above l°C f B. tkermosphacta often causes 
spoilage of meat stored in high 0 2 atmospheres (Dainty 
& Mackey, 1992). High concentrations of CO a , removal 
of 0 2 and low storage temperature inhibit the growth of 
B. tkermosphacta (Gill, 1996; Nissen, Sorheira, & 
Dainty, 1996). Pseudomonads probably contributed to 
the off-odours of ground beef. Meat in high 0 2 is oAen 
spoiled by Pseudomonas spp. f but the growth of pseudo- 
monads is retarded under anaerobic conditions (Dainty 
L Mackey, 1992; Gill, 1996). A shift in the metabolism 
of lactic acid bacteria under aerobic conditions can also 
produce off-odours (Nissen et ah, 1996). In the present 
experiments, the numbers of coliforms or E. coli did not 
exceed log 10 3 CFU/g or cm 3 in any samples. Therefore, 
these organisms probubly did not contribute to off- 
odours. 

For pork chops, the effect of CO on the microflora 
can be evaluated because the gas compositions of the 
CO mixture and of the mixture with 0 2 absorber were 
identical, except for the inclusion of 0.4% CO in the 
former. Although a 4 day i.xrease in the time to develop 
off-odours was observed v ith the CO mixture, there was 
no significant reduction in the microbiological counts. 
Luno et al. (199S) used P/i CO in high 0 2 atmospheres 
and noted a delay in the onset of off-odours without any 
reduction in the numbers of psychrotrophic bacteria. 
However, Clark et al. (1976) found that the addition of 



0.5-10% CO to N 2 atmospheres reduced the number of 
psychrotrophic bacteria and increased the odour shelf 
life of beef. For example, 1.0% CO in 99% N 2 
increased the time to develop off-odours at 5°C from 
18 to 24 days. The lack of such an effect of CO on 
bacteria in our exponents may be due to the use of 
60% C0 2 overshadowing any effect of CO. 

The use of CO l..*cs it possible to dispense with 0 2 
and so to increase the C0 2 concentration in a MA to 
about 60%. Our data suggest that 0.4% CO probably 
has little or no direct effect on the growth of bacteria. 
Other studies have shown that increasing the CO a con- 
centration from 20 to 100% increases the bacteriostatic 
effect of the gas, but the efficiency is highly dependent 
on low storage temperatures (Gill & Molin, 1991; Ni$: 
sen et al.. 1996). The high C0 2 concentration and 
absence of 0 2 in the CO mixture will favour the growth 
of lactic acid bacteria, which usually cause a mild form 
of spoilage only late in the development of the spoilage 
fiora (Gill, 1996). * 
The present experiments were performed at accep- 
table and abusive storage temperatures to assess the 
effects of temperatures commonly encountered in the 
distribution and sale of retail-ready meat. The storage 
temperature strongly affected the rates of growth of 
microflora and the time to develop off-odours. Conse- 
quently, independently of the packaging method, the 
sheir lire of meat can be considerably extended by 
maintaining low temperatures in the chill chain (Gill & 
Molin, 1991; Nissen et al., 1996). 

4.2. Colour 

The CO mixture gave a stable bright or light bright 
red colour with consistent high c* values for all three 
products, irrespective of the storage temperature. The 
initial level of residual 0 2 , up to 0.5%, did not adversely 
affect the visual scores and instrumental values for the 
colour of meat stored in the CO mixture. 

CO binds to myoglobin and forms cherry red car- 
boxymyoglobin (El-Badawi et al., 1964). This pigment is 
spectrally similar to the bright red oxymyoglobin which 
normally develops at the surface of fresh meat in air. 
Carbox>Tiiyoglobin is less readily oxidized to brown 
metmyoglobin than is oxymyoglobin, because of the 
strong binding of CO to the iron-porphyrin site on the 
myoglobin molecule (Lanier, Carpenter, Toledo &. 
Reagan, 1978; Wolfe, 1980). Conseouently, CO in con- 
centrations of 0.5-2.0% enhances and stabilizes a bright 
red colour of meat (Kropf, 1980; Scsrheira et al, 1997a) 
In a recent study, 1% CO in combination with 24 or 
70% 0 2 stabilized the colour of beef by reduced forma- 
tion of metmyoglobin after storage at l e C for up to 29 
days (Luno et al., 1S98). However, in a study of beef 
stored in a MA or 2% CO/78% CO^20% N 2 , the col- 
our of the meat was characterized as "too artificial" by 



0. Serkeim tt el/Meet Science $2 (1999) 157-164 



a sensory panel (Renene & Labadie, 1993). From our 
studies and experience from the Norwegian meat 
industry, 0.4% CO seems sufficient to produce a stable, 
attractive, bright red colour of meat. 

All three meat types stored in high 0 2 were bright red to 
red with high a* values early in the storage periods, 
approaching the colour of meat in the CO mixture. As the 
microbiological counts of meat in high 0 2 increased, the 
colour deteriorated, faster at 8 than at 4°C. Meat stored in 
a MA of high 0 2 develops a thicker layer ofoxymyoglobin 
than meat stored in air (RenerTe & Labadie, 1993). How- 
ever, the oxymyoglobin gradually oxidizes to metmyoglo- 
bin, and the oxidation is faster at higher temperatures. 

For cut bone, haemoglobin released from disrupted 
red blood cells in the marrow will accumulate at the 
surface and ultimately become black after the bone has 
been exposed to air or 0 2 (Gill, 1996). Although bone 
blackening was not considered in the present visual col- 
our evaluation, it can negatively affect the saleability of 
bone-in meat at retail display. The cut bones of pork 
chops stored in high 0 2 blackened during storage, but 
this discoloration was not observed on bones in the CO 
mixture and the mixture with 0 2 absorbers. 

Beefloin steaks stored in vacuum packs were slightly 
discoloured with low a* values at both 4 and 8°C In 
these packs, meat juices were observed between the 
upper and lower films, but that did not influence the 
colour evaluations. 

0 2 absorbers in packs with high C0 2 facilitate the 
removal of residual 0 2 and maintain atmospheres free 
of 0 2 during storage (Smith, Abe, & Hoshino, 1995). 
Low levels of residual 0 2t above 0.01-0.15% for beef 
and 0.5-1.0% for pork, will inevitably discolour the 
meat (Penney & Bell, 1993; Gill, 1996; Sorheim et al., 
1997b). When no CO is present in an 0 2 depleted MA, 
it is essential to remove the residual 0 2 as fast and 
completely as possible to avoid formation of metmyo- 
globin. In these experiments, pork chops stored in the 
g2s mixture with 0 2 absorbers were moderately dis- 
coloured during the whole storage period at 4 or 8°C. 
Despite the obvious visible differences, these chops had 
similar c* values to the chops in high 0 2 . The dis- 
coloured surface made the chops unfit for sale, even in 
the early stage of storage. The present findings contrast 
with previous results, where the colour of porcine m. 
Icr.gissimta thoracb et lumborum W2s significantly 
improved by using 0 2 absorbers in MAs of C0 2 with 
residual 0 2 (Scrheim et al., l'997b). The present dis- 
coloration could be caused by incomplete usr or function 
of the absorbers (Gill, 1996). 

4.3. Benefits and disadvantages of a MA u7„< low CO/ 
high C0 2 

Ar. objection raised against usinc CO as a small 
ccrr.ponent of a MA for retail-ready meat is the possi- 
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bility that the colour stability can exceed the micro- 
biological shelf life, with the risk of masking spoilage of 
the meat (Kropf, 1980). Therefore, the consumer must 
evaluate the microbiological condition of meat in a CO 
mixture by off-odours. When a MA with CO is applied 
commercially, it is important to have a proper control 
of the hygienic condition of the meat raw materials and 
the chill chain temperatures. 

CO used in concentrations below 1.0% does not pre- 
sent any hazard to the consumer, because consumption 
of meat packaged in such concentrations of CO will 
result in only negligible levels ofcarboxyhaemoglobin in 
the blood of consumers (Serheim et al., 1997a) By 
delivering CO in a 1% mixture with 99% N : , which is 
the practice of Norwegian gas suppliers, CO is con- 
sidered safe for use in the working environment. Other 
MAs with high levels of O;. up to 70%, must be regar- 
ded as explosive gas mixtures, which must be used with 
appropriate precautions for safety (Lufio et al., 1993). 

The suitability of gas mixtures and packaging meth- 
ods for red meats for retail display depends on their 
ability to both reduce spoilage and stabilize colour. Gas 
mixtures with low concentrations of CO and high con- 
centrations of CO a provide a combination of a long 
microbiological shelf life and a stable, bright red colour 
of meat. Meat packaged in a MA with high O a can 
achieve an initial bright red colour, but the micro- 
biological shelf life and the colour stability are both 
considerably lower than those of meat in the CO mix- 
ture. Using CO eliminates the need to have 0 2 as a 
component of the MA. Other MAs and packaging 
methods, like high C0 2 with 0 2 absorbers, chub packs 
and vacuum packs may give a shelf life comparable to 
that or the CO mixture, but with a less acceptable col- 
our or appearance of the meat. Thus, there appears at 
present to be no fully satisfactory alternative to the CO 
mixture used in packaging of retail-ready red meats in 
Norway. 
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SSh n H iT S,Smficam, - V S rea,er P°"*ili»ies °f brand profiling of meat products in the future 
Mi eh could help .mprove our semce to the retailers. Moreover, efficient facton- packaeine could even 
reduce costs across the entire distribution chain ending with the consumer. ' 

We therefore support Norsk Kjott's proposal to submit a joint application to the EU Commission for ,h, 
addu.on of CO to EU's list of additives. The plan is to submit a joint application in 
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Swedish Meats 
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In Norway. CO has so far been used in very minute quantities together with other packacins cases for "as 
packaged cuts of meat and ground meat. This packaging gas has not been approved in the EU vet and has 
not been used in Denmark this far. \ 

CO and the other packaging gases help ensure the storage life and color stability of fresh meat which are 
important for central packaging and distribution of meat. The trend in Denmark is toward increased 
central packaging of fresh meat, since this is both efficient and ensures hieh microbiolocical quality It 
would therefore be interesting to take advantage of the positive Norwegian experiences with the use of 
CO m this country, as well. 

Publishedrescarch shows that the risk of growth of a range of pathogenic bacteria is the same or reduced 
when using CO in combination with the traditional packaging gases. The use of this gas can thus helo 
improve food safety (Food Microbiology and Food Safety into the Next Millennium, Proceedines of the 
Seventeenth Internat.onal Conference of International Committee on Food Microbiolonv and Hvojene 
Netherlands, 1999). - e 

The use of CO in the given concentration of 0.3-0.5% should not represent anv toxicolo°icaf risk to 
consumers. CO is generally supplied in a concentration of 1% in a mixture with either nT or CO, and does 
therefore not represent any workplace hazard to operators during the packaging process." 

We are not aware that the use of CO was discussed in the process cf draftinc Directive 95P/EU of 
February 20. 1995 concerning additives other than colorings and sweeteners. This nnv be due to the fact 
that no country had expressed any interest in using this kind of gas at the time. 

Since there are advantages to the use of CO as a packaging gas, as mentioned, and sii.ce there are no 
negative effects to either consumers or packaging operators, DANSKE SLAGTERIER can support an 
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application to the EU Commission to include CO on the list of approved additives, possibly limiting the 
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DANSKE SLAGTERIER 
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Anne Birgitte Lundholt 
(Managing Director) 
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Subject: CO gas at meat packaging gas 

Date: 14 of February 2000 
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Dear Dirk: 

After reading the scientific documents that Mr. Truls Nesbakken 
handed out in -M last T&L working group meeting. We will support the 
Norwegian proposal for authorization CO gas as a packaging p»s within the 
UE. 

V/c look forward to hearing from you soon. 
Yours sincerely, 




Miryam de Miguel 
Dpto. Calidad-AlCE 
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Use of CO as packaging gas for meat and meat products 

Afier going through the scientific documents sent to us and having own projects supporting the 
results, our institute is ready to support the Norwegian proposal to allow CO gas as a packaginj 
in EU. • / 
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The Use of CO as a Packaging Gas for Fresh-Meat. 



By Magne Yndestad 2 



A previous report on the use of CO as a packaging gas concluded that there is unsatisfactory 
< L oc U m ^ alion 011 fact0rs such as the deveI °Pment of pathogenic bacteria in the cas mixture in question 
(0.4% CO/60% CO : /40% N 2 ). The Norwegian Research Center for Meat forwarded recent and 
complementary documentation on September 13, 1999. 

Following scientific review, the content of this documentation can be summed up as follows: 
Bacteriological Conditions 

Numerous studies have been ugderJbken regarding trial storage involving concentrations of CO, in a 
range consistent with the "Nomegijri? mixture (60-75% C0 2 ). Moreover, there are articles documenting 
the bactericidal effect of various other concentrations of gas mixtures containing CO,. The conclusion to 
these trials is the following: 

The low CO concentration («).5,CQj has no apparent effect on bacterial flora in products packaged with 
gas. This also holds true for N : (filler gas). 

. K 

Concentrations of CO, below 5% may stimulate the growth of certain tvpes of bacteria. Between 5 and 
50% ? we see an approximately linear inhibiting effect. This effect is somewhat significant since the 
inhibition of growth of the sensitive flora is as much as 50% at 10% CO, . The documented effect of CO, 
) in h.gh concentrations primarily^,?* to the psychrotrophic flora, including the most important spoilage 
bacteria. ^v.r K c 

As for the pathogenic bacteria, scientific literature in general points to the same tendencv, i.e. inhibition 
of growth at both 4"C and hicfief Wtpjratures (e.g. 10° C). 

In comparison to other packaging rrfetUods or gas mixtures used, the mixture in question seems favorable 
both in terms of storage life and in terms of the relevant pathogens. 

Following the last round of applications, The Norwegian Research Center for Meat has performed a 
relatively extensive study oit .freshly ground meat packaged in 0.3-0.5% CO/60-70% CO, and 30-40% N 
Various pathogens, such as E.eoJi §\ 57.H7, Listeria monocytogenes, and Yersinia entevocolitica were 
tested in this trial. The Research Center has evaluated factors such as the important possibility that the 
strong suppression of the general psychotropic flora may favor certain pathogens, which will not be 
inhibited to the same degree. The>fliain conclusion, however, is that the aforementioned pathogens are 
mhib.ted both at 4"C and 1 O'C. Comparing the CO packaging method to packaging emplovin* a hi«h 
concentration of 0 : or vacuum, shows that the risk for growth of the applied pathogens is identical or 
lower when packaging with CQ_. 

f \ 

The Research Center has studietfTlie' circumstances concerning salmonella bacteria and the "as mixture in 
question in the same products. Since none of the cultures grew at +4 P C, studies were only undertaken at 

In this case, storage with packaging gas containing CO performed worst with regard to S dublin S. 
cnteriiidis and S.diarizonae. asa" reStlvely strong growth occurred following Dav 2. S. typhinnirhm; too 
had considerable growth, alihotiglL"sausage" packaging scored lower. 
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This is completely in line with what is known about a whole range of salmonella bacteria in foods, i.e. 
that they hold up very well when competing with other bacteria, and also grow very well at temperatures 
around 8- 10°C. 

These facts emphasize the importance of cooling regardless of what packaging method is chosen. 
Sensorial Circumstances 

The last report pointed to the particular fact that the CO packaged meat co ain a fresh red color for 

days after spoilage set in. Hence, the consumer cannot see whether the meat he or she buys is spoiled, as 
opposed to fresh meat packaged in other types of gas packaging. 

The Research Center notes that when opening a package, the consumer will detect anv spoilage odor , and 
hence not eat the product. This may be true, but it is a fact that many people won't react to any incipient 
decay when the products looks completely "fresh." However, the packaging method for which approval is 
sought is meant for fresh meat that will be treated with heat prior to use. This is an additional safety factor 
that is important in a comprehensive evaluation. 

Conclusion 

The first bacteriological/sanitary statement made was based on the documentation available at the time. 
The new data and other relevant information from scientific literature indicate that there is sufficient 
evidence that the use of CO as a packaging gas as described in the application won't result in any 
increased risk of transmittal of food-borne diseases among consumers. 
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(Handwritten:] 

From the report "Fresh Meat in Consumer Packaging" with modified gas containing CO; [illegible] 



IV. Report by Tore Aune: "Fresh Meat in Consumer Packaging - A 
Toxicological Evaluation of the Use of up to 0.5% CO in a Gas Mixture." 
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FRESH MEAT IN CONSUMER PACKAGING - A TOXICOLOGICAL EVALUATION OF THE USE 
OF UP TO 0.5% CO fN A GAS MIXTURE 



By Tore Aune 



Carbon monoxide (CO) is a colorless gas that is primarily generated by incomplete combustion of organic 
material. The background concentration of CO in the atmosphere is approximately 0.01-0.09mg/m 3 
(0.009-0.08 ppm), while the concentration in larger cities may excede 50mg/m' as an 8 hour mean, 
depending on traffic. 



General Health Effects 

CO attaches to the iron of the hemoglobin in the red blood cells during generation of carboxyhemoglobin 
(COHb). and can thus affect the transport of oxygen in the blood and the supply of oxygen to the tissues. 
Compared to its affinity to oxygen, hemoglobin has approximately 240 times greater affinity to CO. CO 
also attaches to myoglobin, cuochromes. and some other enzymes, but these reactions are considered less 
important than the formation of carboxyhemoglobin (WHO 1979). The health impact on humans is 
mainly restricted to effects on the cardiovascular system, the nervous system, and certain types of proteins 
and cells in the bloodstream, as well as effects on embryos (SFT 1 992). 

The carboxyhemoglobin percentage (COHb %) is a function of the CO concentration in the inhaled air, 
the exposure time and the level of physical activity (Coburn et al., 1 965) (see Table I). A CO exposure 
resulting in a COHb concentration above 2% in the bloodstream of the most sensitive individuals 
(cardiovascular patients) has been shown to give symptoms of localized oxygen deficit and chest pains. 
Reduced work capacity occurs at a somewhat higher COHb%, and persons suffering from angina can 
tolerate less strain before an attack occurs. No health effects have been detected in healthy adults at 
COHb concentrations below 5%. 

Table I: Blood carboxyhemoglobin percentage as a function of CO concentration in air. exposure time 
and different degrees of physical activity (Coburn et al., 1965): 





Exposure 




COHb% ' 




CO Cone. 


Time in Hours: 


At rest 


Moderate Activity 


Strenuous Activity 


10 mg/nr 


8 


1.3 


1.4 


1.4 


25 mg/nv' 


1 


1.0 


1.5 


2.0 


40 ms/m ? 


1 


1.3 


2.2 


2:9 
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CO attachment to the hemoglobin is reversible. The half-life at ventilation at rest is approximately 4.5 
hours. 

A small amount of CO is continually formed in the body as a result of the decomposition of substances 
such as hemoproteins. This results in a COHb% of approximately 0.5. The uptake of CO through 
inhalation comes in addition to that. The average COHb level in non-smokers is estimated at 1.2-1.5%, 
while the level is 3-4% in smokers. 



Suney of Health Effects Associated with CO Exposure 

The negative health effects of CO are due to the fact that CO competes with oxygen for points of 
attachments on the hemoglobin molecule. Moreover, the release of oxygen in the tissues is reduced 
( WGHO 1 987). Myoglobin is closely related to hemoglobin. It stores oxygen and promotes the diffusion 
of oxygen to muscle cells. In cardiac and skeletal muscles, myoglobin binds CO with an affinitv that is 
30-50 times higher than the corresponding affinity for oxygen. No reported studies have shown that the 
binding of CO to myoglobin can cause any health effect at a COHb level of 4-5%. 
Uptake and liberation of CO occur at a relatively slow pace (hours), which means that short-time • 
exposure to elevated CO levels will not result in any noticeable increase in the COHb level. SFT report 
No. 92/1 6 ( 1 992) includes an overview of the correlation between blood COHb levels and health effects 
(Table 2). 

Table 2: Correlation between blood carbox\ hemoglobin levels and health effects (SFT 1992): 



COHb% 



Observed Effects in Humans: 



1 



50 and above 
30 and above 
10 and above 
5 and above 
5 and above 
5 and above 
2.9 and above 
2.3 and above 
2 and above 
2 and above 



Unconsciousness, lethal when untreated. 
Headache, dizziness, nausea, and vomiting. 

May be lethal to cardiovascular patients. Headache in healthy individuals. 
Reduction of peak oxygen consumption tinder strenuous activity in healthy individuals. 
Impaired vision, learning ability and fine motor response. 
Exposure during pregnancy may affect the embryo. 

Individuals suffering from angina can tolerate less strain before an attack occurs. 
Reduced capacity for physical work, especially stamina. 
Possible reduced ability to concentrate and pay attention. 

Symptoms of localized oxygen deficit and incipient chest pains in cardiac patient. 



The literature in the field does not seem to indicate mat health effects have been proven in healthy adults 
exposed to CO resulting in a blood COHb concentration of less than 5%. 
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However, the data indicate that a COHb level of 2-3% may have negative effects on sick and sensitive 
individuals, such as people suffering from cardiovascular diseases. 

Exposure to CO through the Air 

With regard to CO as an air pollution factor, a team of Norw egian experts (SFT 1 992) suggested air 
quality criteria at CO concentrations resulting in a maximum of 1.5% COHb during light physical activity 
(including the CO produced endogenically). The correlation between CO concentration, activity level, 
and exposure time in order not to exceed 1.5% blood COHb is shown in Table 3. 

Table 3: Calculation of CO concentrations in the air resulting in a COHb level of 1.5%, including 
endogenic CO production (SFT 1992): 





CO Concentration. msL/nv' 


Exposure Time: 


At Rest: 


Moderate Physical Activity: 


Strenuous Physical Activity: . 


15 min 


170 


80 


52 


30 min 


86 


42 


29 


1 hour 


48 


24 


18 


S hours 


11.5 


9.2 


9.2 



1 



Exposure to CO through Consumption of Fresh Meat Treated with a Gas Mixture 
There is a paucity of information in scientific literature concerning exposure to CO through the 
consumption of fresh meat treated with a gas mixture containing CO. One of the most interesting 
referenced in this regard is a 1954 publication by A. L. Tappel et al., which is unfortunately not easily 
accessible. However, their work has been cited in other publications, e.g. in the study by Clark et al. 
(1976): Tappel et al. considered a US industrial sanitary norm for CO of 50 ppm (8 hours/day), and found 
that such exposure would result in a blood COHb level over a longer period of time that is approximately 
14 times higher than the temporary increase caused by consumption of approximately 225 g meat, 
provided.that the myoglobin and hemoglobin in the meat are saturated with CO, and that 100%rof CO 
from this source is transferred to the blood of the consumer (an estimate representing a hypothetical 
worst-case scenario). According to the authors, such treatment of meat w ill thus cause only a very minor 
effect in comparison to what is considered the safety limit, even when assuming maximum uptake of CO. 
Wans et al. (1978) exposed beef to a gas containing 1% CO for 1 days, and found that this resulted in a 
CO saturation of approximately 30% of the myoglobin. CO was lost under such storage conditions, with a 
half-life of approximately 3 days. After cooking, the CO concentration in the meat decreased to 
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below 0.09 ppm (equivalent to approximately 0.1 ing/kg). Maximum loss after cooking (on burner at 
1 95°C) amounted to approximately 85%. 

Comparison of CO Exposure through Air and Meat (CO Treated) 

There is little data available for such a comparison, but a rough overview nevertheless provides some 
points of reference. An adult \u..^» 10-20m 3 air per 24 hours (depending on the activity level). This is 
the equivalent of 0.42-0.84m 3 per hour (or 3.36-6.72 m* 1 per 8 hours). 

To stay within a maximum blood COHb level of 1.5%, the CO concentration in the air must be 24 mg/m*' 
for 1 hour at moderate physical activity, at 9.2 mg/m* 1 for 8 hours (according to Table 3). In comparison, 
the CO exposure is 0.1 mg/kg after consumption of 250 g of heated CO-treated meat that has been treated 
for 72 hours in a gas containing 1% CO (Watts et al. v 1978). Table 4 shows a calculation of CO intake 
from the air and a meal of CO-treated meat. 



Table 4: Comparison of CO intake from air within a range without any health impact and theoretical 
intake of CO through consumption of a meal of CO-treated meat: 



Path of Exposure: 


CO Intake, 1 hour: 


CO Intake, 8 hours 


Lungs (15 m724 hours) 


24mgx 0.625 = 15.1mg 


9.2mgx 5 = 46.0mg 


Meat 


0.025mg 


0.025 mg 



For CO balance between air and blood is only achieved after a considerable period of time (hours). The 
absorption of gases from the intestinal canal to the blood is probably considerably less efficient than from 
the lungs, where the tissue allows for maximum gas exchange between the alveoli and the bloodstream. 
This implies that intake of CO through meat probably won't cause any demonstrable increase in the blood 
CO level (in the form of COHb). And at any rate, the exposure from meat is much lower (approximately 
one thousand times lower) than through the airways, as shown in the calculations above. 
According to the Norwegian Institute of Air Research (SFT 1992). the CO concentration in larger 
Norwegian cities is on average between 1 and 2 mg/nv during the winter. Maximum hourly values have 
been measured to approximately 60 mg/m\ and maximum values for 8 hours to about 40 mg/m\ 

Evaluation of Oilier Gases Used in Foods in the EU 

EU's Research Committee on Foods (SCF) has not considered CO. However, the expert team has 
considered other gases (EUR 1981), such as carbon dioxide (CO^) and nitrogen ox : de (NO). In this 
connection, the committee employed the following evaluation method, which ihould be applicable for 
CO, as well: 



C0 2 : This compound is a natural product of metabolism, and people are constantly exposed to carbon 
dioxide from the atmosphere, food and drink. Compared to this exposure, the residual content from its use 
as an extraction agent is insignificant. Establishing an ADI for this compound is unnecessary. The 
committee considers this compound acceptable as an extraction agent. It is unnecessary to determine 
concentration values for the residue. 

iVO: The pharmacological and pharmacokinetic properties of this gas are well known from the extensive 
use of NiO as an anaesthetic. Even though no data on residual content are available, such amounts are 
probably so minor that they are not hazardous to the consumer. The committee finds that it is unnecessary 
to establish an ADI, and considers the use of N : 0 as an extraction agent acceptable. 

lexicological Evaluation of the Use of CO as a Packaging Gas for Meat 

People are continually exposed to carbon monoxide, both by means of endogenic production and by 
inhaled air. Toxicologically, it is the amount of CO bound to the blood hemoglobin (the 
carboxyhemoglobin percentage) that determines any health effects. The very first effects in sensitive 
individuals occur at COHb concentrations from approximately 2-3%. To prevent possible health effects / 
even in the most sensitive individuals, a team of Norwegian experts has suggested limits for CO in the air 
that do not result in COHb concentrations above 1.5%. including the endogenic production at 0.5%. 
The above-mentioned estimates indicate that even if all CO in the prepared meat is transferred to the 
consumer's blood, the CO concentration - even a temporary concentration - will remain well below 
accepted limits in air. From a health perspective, the use of CO in concentrations below 0.5-1 % for fresh 
meat thus represents no toxicological risk. 

References: 

Clark, D.S. CP. Lentz, and L.A. Roth: "Use of carbon monoxide for extending shelf-life of 
prepackaged fresh beef." Can. Inst. Food Sci. Technol. J., 9, 1 14-1 17, 1976. 

Coburn, R.F.. R.E. Forster. and P.B. Kane: "Considerations of the physiological variables that 
determine the blood carboxyhemoglobin in man." J. Clin. Invest., 44. 1899-1910, 1965. 

EUR, "Food Science and Techniques." Reports from the Scientific Committee on Foods (Series 1 1), EUR 

7421. Luxembourg. 1981. 

SFT, "Health and environmental effects of air pollution. Recommended air quality criteria." SFT report 
No. 92:16, 1992. 

Wans, D.A., S.K. Wolfe., and W. D. Brown: "Fate of [ U C] carbon monoxide in cooked or stored ground 
beef samples." J.Agric. Food Chem., 26, 210-214, 1978. 



000155 



ERIKSEN TRANSLATIONS / 32 COURT STREET. ER0CKLYN. NEW YORK 11201 / TEL 7 1 S • E 02 -SO 1 0 / FAX 71E-602-C04 



WHO, Environmental Health Criteria 13. Carbon monoxide, World Health Organization, Geneva, 1979. 

WHO, Air Quality Guidelines for Europe, World Health Organization Regional Publ., European Series, 
No. 23, 1987. 



000156 



J 



ATTACHMENT 4 

J 



J 



Final Report 



EVALUA T!ON OF BEEF STEAKS AND GROUND BEEF IN THE PACTIV 

ACTIVE TECH PACKAGING SYSTEM: 
EFFECTS OF CARBON MONOXIDE IN THE PACKAGE A TMOSPHERE 



for 



Pactiv Corporation 
Canandaigua, NY 
May 2001 



Prepared by: 
Kathy Kachmeister, MS 
Melvin Hunt, PhD 
Weber Hall 

Depi of Animal Sciences & Industry 
Kansas State University 
Manhattan, KS 66506 



Phone: 785-532-1232 
Fax: 785-532-7059 



George r/iiltiken, Ph.D 
Dickens Hall 
Dept of Statistics 
Kansas State University 
Manhattan, KS 66506 

Phone: 785-532-0514 



FA3LE OF CONTENTS 



Introduction 4 

Hypothesis and Objectives 4 

Experimental Procedures 5 

Results and Discussion g 

Tables and Figures at bacR 



2 



000159 



PROJECT SUMMARY 

The effects of carbon monoxide (CO) in Active Tech modified atmosphere packaoes <MAP\ 
were determined for " 

A. Initial product color, 

B. Stability of color during display, and 

C. Relationships of color deterioration and microbial populations. 

Steaks from three beef cuts (strip loin, tenderloin, and inside round steaks) and ground beef 
were packaged in a MAP certified gas blend (0.4% CO, 30% carbon dioxide and 69 6% 
nitrogen) and stored at 35°or 43°F for up to 35 days. Cuts then were removed from MAP and 
displayed at 34°F until their color was approaching consumer unacceptability Color and 
microbial parameters were measured and compared to baseline data of comparable Droduct 
exposed to oxygen but not CO. 

A fundamental goal of this research was to determine if CO extended the color life of 
beef cuts and ground beef beyond their microbial soundness, i.e., did color mask spoilage. 

CONCLUSIONS 

> The Active Tech MAP system containing CO in the gas blend produced products that were 
equally as red as products packaged with traditional oxygen permeable overwrap ' 

> Improvement in visual appearance especially in the tenderloin and inner portion of the 
inside round steaks were observed on day zero of display and throughout display 

> Color of products exposed to CO was a typical, bright red when the outer MAP bag was 
removed and products were allowed to bloom for 60 to 90 minutes 
Color declines for products stored in MAP with CO compared well'to baseline products 
exposed to oxygen. Hence, a typical discoloration pattern was seen in both baseline and 
MAP studies. 

Color life for tenderloin and inside round steaks (and to a lesser extent ground beef) was 
slightly longer than their baseline counter parts, especially when stored 35°F vs 43°F 
Although microbial growth curves changed in slope and exponential growth based on the 
environment in the packages, bacterial growth was neither encouraged nor sucoressed 
by the addition of CO to the MAP gas blend. 

Aerobic bacteria and facultative anaerobes followed typical patterns of growth contingent 
upon the environmental conditions. 

Effects of storage temperature (35° vs. 43°F) and increased storage time (21 or 35 days) 
resulted in typical redness decline, increase in off-odors and microbiological chano-s 
CO neither masked spoilage nor resulted in color life extension beyond the point of 
microbial soundness. r 
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INTRODUCTION 

Marketing of case-ready meats has moved beyond the concept stage to reality This 
method of delivering meat to retailers is expected to be the predominate system within five 
years. Some of the largest retailers are already paving the way for this makes-sense 
marketing system. 

Modified atmosphere packaging (MAP) sy.«* -^s are a necessity for case-ready meats 
because current retail meat over wrapping does nut fulfill requirements for shelf life and other 
needs. Processors can choose either high-oxygen or low-oxygen MAP for retail-ready meats 
Both systems rely upon the meat having certain functional properties needed to optimize 
delivery of cuts with excellent display color life and sound microbial quality. 

In low-oxygen MAP, such as the Active Tech System of Pactiv Corporation, it is essential 
that the meat achieve a stable red color that extends throughout storage and display This 
usually is accomplished by modifying the package atmosphere so that the meat pigment 
returns to its purple-red state (deoxymyoglobin). Then, at display, packaged cuts are re- 
exposed to oxygen (air) to re-form a bright-red color (oxymyoglobin). Some muscles can 
easily accomplish this function whereas other muscles have a difficult time - due principally 
to short comings of their inherent muscle chemistry. Thus, novel ways to aid in obtaining 
desirable color during storage and display would be beneficial. 

Gas atmosphere composition plays a critical role in the functionality and efficacy of MAP 
systems for meat. The atmosphere affects one or more of the following: product appearance, 
shelf life, microbial and palatability issues, gas dynamics, purge, and myoglobin functionality' 
Typical atmospheres for low-oxygen MAP utilize carbon dioxide (C0 2 ) and/or nitrogen (N 2 ) 
prior to the meat being re-exposed to oxygen. Addition of small amounts of carbon monoxide 
(CO) to a C0 2 and/or N 2 atmosphere could aid in producing a more functional pigment color 
in MAP, especially in meat cuts known to have lower color stability. CO is well known for its 
ability to bind to myoglobin and form a bright, crimson-red colored pigment known as 
carboxymyoglobin. However, carboxymyoglobin is believed to stabilize meat color beyond 
its microbial shelf life. Consequently, consumers may not be able to rely on color as an 
indicator of quality at time of purchase. Research is needed to address the use of low levels 
of CO in a MAP system. 

HYPOTHESIS AND OBJECTIVES 

This research was based on the hypothesis that a small quantity (<0.5%) of CO 
combined with the typical gases of MAP (CO2 and N2) would produce meat color 
complimentary to the quality needs of a case-ready meat delivery system without 
compromising consumer quality issues. More specific objectives evaluated the effects of CO 
in the Active Tech System for: 

y The initial color of intact muscles and ground beef - this objective addressed color 
differences between meat in MAP containing CO vs. packaging in O2. 

> The color deterioration of these products during display - these data defined the 
color display stability of meat in MAP containing CO vs. packaging in O2. 

> The microbial profile of the meat stored with or without mild temperature abuse 
- this portion provided information about microbial growth with CO ir\ MAP relative to 
the time-honored relationship between color deterioration and spoilage. 
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EXPERIMENTAL PROCEDURES 
This project involved two phases. The Baseline Display Study characterized the color 
and microbial traits of selected cuts and ground beef using typical oxygen-permeable 
packaging under typical retail display conditions. The MAP Display Study utilized the Pactiv 
Active Tech Packaging System in combination with a unique, certified gas blend (0.4% CO, 
30% CO2 and 69.6% N2) in the package atmosphere during storage conditions (pre-display). 
The outer MAP bag was removed and the products were displayed in the same manner as 
the baseline samples. All data from the MAP Portion were compared to the Baseline product 
. RAW MATERIALS: 

Twelve - beef strip loins (NAMP #1 80 containing the Longissimus muscle), 1 8 tenderloins 
(NAMP #189A containing the Psoas major muscle), 12 inside rounds (NAMP #169A 
containing the Semimembranosus muscle), and 6 batches of ground chuck (80% lean) were 
obtained from a commercial source (Prairieland Processors, Inc., Kansas City, KS) at four to 
six days postmortem. Vacuum packaged subprimals and trim that were received at the KSU 
Meats Laboratory had an internal temperature of 34 f i" and had never been frozen Prior to 
product preparation, subprimals were stored at 34°F. This product was allocated to 6 
replications (2 each of the strip loins and inside rounds and 3 tenderloins constituted a 
replication). 

PRODUCT PREPARATION AND PACKAGING: 

One inch thick steaks cut from each subprimal and ground beef formed into about one- 
pound blocks (Beef Steaker, Model 600, Hobart Corp., Troy, OH) were placed on Styrofoam 
trays (17S for strip loins, 4P for inside rounds, 1 for tenderloins, and 2P for around beef) 
containing an absorbent pad (Ultra Zap Soakers, Paper Pak Products La Verne CA) 
Product was cverwrapped with polyvinyl chloride (PVC) film (23,000ccO 2 /m 2 /24hrs- Filmco 
MW4, LinPac, UK or Omnifilm 4P, Huntsman, Salt Lake City, UT) using a mechanical wrapper 
(Filmizer Model CSW-3, Hobart Corporation, Troy OH) and was assigned randomly to either 
a Baseline Display Study using only PVC-wrapped packages or a MAP Display Study using 
the Active Tech System of Pactiv Corporation. Trays for MAP were placed individually in 
barrier bags (4.5cc0 2 /m 2 /24hrs: NXE 1-300, Alec Enterprises, Burnsville, MN) along with an 
oxygen absorber (MRM-200, Multisorb Technologies, Buffalo, NY) activated using Pactiv 
Active Tech Activator No.1. Barrier bags were evacuated, flushed with a certified gas blend 
containing 0.4% CO, 30% C0 2l and 69.6% N 2l and sealed (Freshvac Model A300 CVP 
Systems, Inc., Downers Grove, IL). 
TREATMENTS: 

Baseline Display Study: Twelve packages of ground beef and one steak (<1/8" fat trim) 
from each subprimal (12 strip loins, 12 inside rounds, 18 tenderloins, and the 6 batches of 
ground beef), were evaluated in a baseline study to establish the color and microbial 
parameters for meat never in MAP and exposed only to atmospheric oxygen These 
packages were placed in display about 4 hours post-packaging (see display and 
measurement details below). 

MAP Display Study: To test the effects of CO in MAP, one package of each product 
from each of 6 replications was selected at random for assignment to all possible 
combinations of two storage temperatures (35 and 43°F) and three storage times (7 14 and 
21 days for ground beef and 7, 21. and 35 days for steaks). The lower temperature 
represented reasonably good industry practice, and the higher temperature represented a 
mildly abusive storage conditions. The storage times represented current industry practice 



Prior to display (post-MAP), the O2 and CO2 levels in the outer barrier bags were measured 
using a MOCON head space analyzer (Pac Check™ Model 650, MOCON/Modern Controls, 
Inc., Minneapolis, MN). 
DISPLAY CONDITIONS: 

Meat samples were placed in simulated retail display at 34 ± 3°F under 1614 lux (150 
± 5 foot candles; Model 201, General Electric, Cleveland, OH) light intensity (Philips, 34 Watt, 
Uitralume 30) in open-top display cases (Unit Model DMF8, Tyler Refrigeration Corporation, 
Niles, Ml). Cases were programed to defrost two-times per day at 12 hour intervals. Display 
esse temperatures were monitored during display using temperature loggers (Omega 
Engineering, Inc., Stamford, CT). Display times varied based on product type, initial microbial 
loads, and storage conditions. Product was removed from display when the color score was 
deemed unacceptable by a visual panel (a color score of 3.5). Baseline products were 
displayed 7, 5, 4, and 3 days for strip steaks, inside rounds, ground beef, and tenderloins, 
respectively. 

VJSUAL COLOR EVALUATION: 

Ten trained visual panelists evaluated color using a five-point scale where 1 = very 
bright red, 2 = Bright red, 3 = Slightly dark red or tan, 4 = Moderately dark red or tan, and 5 
= Extremely dark red or brown. The cut-off score for consumer acceptable color was 23.5. 
Two portions of the inside round muscle were scored separately. The outer 1/3 portion 
(OSM) and the deep, inner 1/3 portion (ISM). The middle 1/3 area was not scored. The 10 
panel scores were averaged for statistical analysis. , 
INSTRUMENTAL COLOR AND SPECTRAL DATA: 

Samples were instrumentally analyzed for lightness (L*), redness (a*), and yellowness 
(b*) for llluminant D-65 (daylight) using a HunterLab MiniScan Spectrophotometer (1.25 inch 
diameter aperture, Hunter Associates Laboratory, Inc., Reston, VA). Multiple readings (2 to 
4 depending on cut size) were taken and averaged for statistical analysis on each cut at each 
testing period. 
ODORS: 

At the end of display, each package from the MAP Display Study was evaluated for off 
odors by two experienced panelists using a 5-point scale were 1 = no, 2 = slight, 3 = small, 
4 - moderate, and 5 = extreme off odor. A score of 3.5 was assumed to be unacceptable to 
consumers. 
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MICROBIOLOGICAL PROCEDURES: 

Microbial populations were estimated at the end of MAP storage (day 0 of display) and 
at the end of display (day of unacceptable color). For each post-display sample, a portion of 
the surface area (top surface) that had been exposed to light was excised.' After each 
package was opened aseptically, two cores (ca 2 in 2 ) were removed (approximately 1/8 inch 
depth), placed in a sterile stomacher bag, and blended two minutes with 0.1% peptone 
diluent. Serial dilutions of the homogenate were prepared in 0. 1 % peptone and appropriate 
dilutions were plated in duplicate on Aerobic Plate Count Petrifilm™ to determine total aerobic 
bacterial populations and on E. coli Count Petrifilm™ to estimate generic E. coli and total 
coliform bacterial counts. In addition, appropriate dilutions also were plated in duplicate on 
MRS agar to determine lactic acid bacterial populations. Aerobic Plate Count Petrifilm™ and 
E. coli Count Petrifilm™ (3M Microbiology Products, St Paul, MN) were incubated at 90°F for 
48 hours prior to enumeration. LAB populations were counted after 48 hours of 92° F 
incubation in a C0 2 _ chamber. Microbial detection limits for intact muscle and ground b«ef 
were 1.76 count/cm 2 and 5.0 count/gram, respectively. 
pH: 

pH was determined on intact muscle and ground beef samples collected on the day of 

production. Ten grams of sample were added to 100 mL of distilled water and blended for 

two minutes. A standardized pH meter with an electrode was used to measure pH according 

to the procedure outlined in the Handbook for Meat Chemists 
FAT AND MOISTURE: 

Ground beef samples collected on the day of production were analyzed in duplicate for 
moisture and fat using AOAC procedures 985.14 and 985 15 respectively 
EXPERIMENTAL DESIGN AND STATISTICS: 

The design was a randomized complete block with six replications. A replication 
consisted of 1 to 3 subprimals (number depended on the size of each cut). Steaks cut from 
the subprimals and separate batches of ground beef trim were randomly assigned to 
replication and the treatment combinations. Data were analyzed using analysis of variance 
and significant differences determined using least significant difference tests at P<0 05 
SAMPLING TIMES/PARAMETERS MEASURED: 

1. MAP Gas Composition for oxygen and carbon dioxide levels 

• Subsample of several ActiveTech packages on production day (2-3 hours post- 
packaging) to verify gas composition being obtained 

• End of MAP storage at two temperatures 

2. Microbiology: 

• Initial counts for subprimals and ground beef on the day of production 

• End of MAP storage at two temperatures 

• End of display 
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3. Visual Color: 

• Initial color prior to display lighting 

■ End of MAP storage at each of two temperatures and after 60 to 90 min bloom at 34°F 

(equal to 0 time of display) 
; Daily during display 

4. Instrumental Colon 

• Initial color = After packaging in PVC on production day for baseline data, minimal 
exposure to light 

• End of MAP storage at each of two temperatures and after 60 to 90 min bloom at 34°F 
(equal to 0 time of display) 

• Daily during display 

5. Odor: 

• At end of display (prior to microbial testing) 

RESULTS AND DISCUSSION 

The Baseline Study: A random selection of all steaks and ground beef packaged in PVC 
film were placed in display to serve as a baseline for color and microbiological comparisons. 
Products were expected to have the lowest microbiological load and ideal cblor stability 
using traditional packaging and display conditions for products exposed only to atmospheric 
oxygen. The inherent muscle chemistry responsible for good color life also was optimal. If 
the product exposed to CO were to have extended meat color life, then it will be compared 
to the baseline "control" with the "best" possible color. 

Color Reference Points: The discussion below involves both visual and instrumental 
measures of color. Visual scores were considered the "standard" with instrumental color 
being discussed relative to its agreement or disagreement with the visual panel, ie, did the 
objective measurements confirm what the color panel saw. Visual scores of >3.5 were 
considered borderline acceptable. When samples reached tnis discoloration, they were 
removed from display. Normally, a* values (higher values indicate more redness) are highly 
correlated to visual appraisal. 

Inside round steaks typically are two-toned in color. The inner ponion (ISM) is much less 
color stable compared to the outer portion (OSM). These portions were scored separately 
since one portion may have acceptable color while the other has unacceptable color that 
would be discriminated against by consumers resulting in the whole cut being judged 



8 



unacceptable in color. The effects of CO on this bi-colored muscle were needed to confirm 
that color was not excessively extended in either portion. 
FAT AND MOISTURE, pH, AND INITIAL MICROBIAL LOAD: 

Average fat and moisture contents of the ground beef were 19.5 and 61.6%, respectively. 
pH of both intact muscles and the ground beef ranged from 5.3 to 5.7. The initial aerobic 
plate counts and lactic bacteria counts for all products were relatively low and indicative of 
microbial quality of the raw materials and good sanitation. Furthermore, coliforms and E. cofi 
were below the detection limit throughout the study. 
GAS COMPOSITION AT END OF MAP: 

At the end cf MAP storage, each package atmosphere was analyzed for O2 and CO2 

(Table 1). Only 6 (each from a different treatment combination) of 288 packages' were 
removed from the experiment due to leakage. 
INITIAL PRODUCT COLOR AND APPEARANCE: 

The color of ground beef and steaks entering display (after MAP storage at 2 
temperatures) was an attractive, typical red color. Although there were several significant 
differences in visual scores and a* values (Table 2 and Figures 1-10 at day 0) for product in 
CO vs. baseline cuts, the variation in color was usually within ± 0.5 of a color score. In 
general, the initial color of product exposed to CO was very similar to the color of steaks from 
the baseline display (never exposed to CO). When differences occurred, they were more 
related to either storage temperature or postmortem age of the product. 

Panelists did not consider the color of product exposed to CO atypical. Cuts exposed to 
CO generally appeared more uniformly bright-red and would be expectsd to have high 
consumer appeal. These results were expected, as CO is known to preferentially form a 
ligand with the colored pigment (myoglobin) in meat resulting in an intensely red pigment 
known as carboxymyoglobin. At higher levels of CO (0.4% vs. 0.6 to 1%) than used in this 
experiment, meat color has been described as being an unusual crimson, bright-red color 
compared to the norma! red of oxymyoglobin. 

A critical next question was whether the carboxymyoglobin formed on the surface was 
more stable than the oxymyoglobin formed in baseline product. Further, did the carboxy 
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pigment deteriorate in a predictable way that consumers could continue to use visual color 

to judge freshness or potential spoilage. 

COLOR DETERIORATION PROFILE: 

Visual panel scores (Figures 1-5) and instrumental color (a* values, Figures 6-10) dearly 

showed that product exposed to CO during MAP storage had color deterioration during 

display. As expected, visual scores increased (color deteriorated) and a* values decreased 

(loss of redness) as days in display increased. 

In several instances, color appeared to improve late in display - as indicated by a 
decrease in visual scores (see ground beef, strips loins and tenderloins at 43°F). These 
decreases were net a return of redness. Rather the apparent decrease resulted from removal 
of discolored packages the preceding period, leaving product with less overall discoloration 
remaining in the case. . 

In general, the color deterioration profiles followed an expected pattern. Namely, the 
freshest product (baseline packages) had the most stable, red color and the most days in 
display needed to reach borderline discoloration (Table 3 scores to 3.5) of all treatments. 
Exceptions occurred for the inside portion of the inside round and tenderloin products, where 
the product exposed to CO had slightly more stable color than the baseline product (Table 
3). These two muscle areas are well known by retailers as having short color life. Thus, CO 
appeared to improve color life when the inherent muscle chemistry desired for color was 
limited. 

For product from MAP, the longer the storage time, the faster the deterioration, especially 
at the higher storage temperature (Tables 2 and 3). For packages stored at 43°F, which was 
a mildly abusive temperature, color deterioration would be expected to accelerate. This 
phenomenon also is illustrated in Figures 1-10. 

Changes in a* values (and other instrumental measures of color not shown) followed the 
same pattern of color deterioration observed by the visual panelists. There was no evidence 
that color shelf life was unexpectedly lengthened by exposure of meat to CO in MAP. The 
question remaining is whether the color life of product in CO masked spoilage, ie, were 
microbial counts higher than expected based on the degree of discoloration? 
COLOR DETERIORATION AND MICROBIAL GROWTH: 



Baseline Display Study: Initial, pre-display microbiological data suggested that the raw 
materials were fresh and processed using good hygienic practices. For intact cuts, lactic acid 
bacteria, generic E. coli, and total coliform counts were below the detection limit of 1.76 
CFU/in 2 . Initial, pre-display APC for intact muscles ranged from 1 to 1.63 lo^ 0 ^FU/in 2 Post- 
display counts wsre higher (P<0.05) than pre-display APC which was an increase in bacterial 
proliferation and typical deterioration. However, all product had sufficient microbes to be 
susceptible to spoilage. 

Baseline products were pulled from display when the visual panel scores reached >3.5. 
However, the APC did not exceed 5 log 10 CFU/unit as shown in Figures 11-14 and lactic 
bacterial did not exceed 6 log, 0 CFU/unit as shown in Figures 15-18. Furthermore, off-odor 
scores for product at end of display (Table 3) ranged from no to slight off odor. Thus, color 
life in this base population did not exceed microbial soundness. 

MAP Display Study: Similar trends in microbial growth occurred in post-displayed . 
samples stored in MAP compared to baseline products. Microbial patterns for product 
deterioration are shown in Table 4 and Figures 11-18. Products stored under MAP at a 
slightly abusive temperature showed, as expected, a more rapid increase (P<0.05) in 
microbial counts compared to samples stored at 35°F. For post-MAP (pre-display) and post- 
display samples, APC were higher at 43°F than 35°F (Table 4), and during the later days of 
storage at the higher temperature, differences were more obvious. Significant changes 
(P<0.05) occurred in all cuts and ground beef with the exception of SM. Counts for the SM 
muscle were lower than expected and no significant changes occurring until day 35 of MAP 
storage. This suggests that quality products that have been handled in a sanitary fashion can 
be stored in the MAP system up to 35 days without comprising microbial quality. The APCs 
for intact strip loin and tenderloin steaks stored at 35 C F were lower (P<0.05) on all days of 
display on days 21 and 35 post-MAP than steaks stored at 43°F (Figures 12 and 14). 
Although products did not show a difference in APCs 7 days post-MAP, those products stored 
at the higher temperature (43°F) were more inferior 21 and 35 days post-MAP. 

Did Color Mask Spoilage? Central to this research was to evaluate the idea that the 
color of CO treated meat might mask spoilage. Food scientists generally agree that meat 
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color is seriously discolored when microbial counts approach log 10 , and that off odors 

7 8 

frequently appear at counts of 10 to 10 . Numerous studies of ground beef, frequently the 

product with the highest counts, show that consumer-purchased retail product often has 

5 8 

counts of 10 to 10 . 

Visual color scoring was considered as the "standard" for determining the time to remove 
products from display. Because the visual panel scores were the deciding factor for length 
of shelf life, the interdependence between visual color and APC, LAB, and odor were 
considered quite important. 

Figures 19-21 show aerobic and lactic bacterial growth and odor scores at the end of 
display plotted against their corresponding visual color scores. All data observations were 
summed over storage temperature, storage time, and product type and plotted in one graph. 
If color masked spoilage, then there should be multiple points in the upper left quadrant of 
the plot, the area represented by unacceptable microbial counts and off odors but with 
acceptable color (i.e., scores <3.5). This did not occur with any frequency in any of the three 
plots. Thus, it does not appear that exposure of meat to CO during extended (up to 35 days 
st either 35° or 43°F) caused meat color to hide spoilage. 
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Table 1 - Carbon Dioxide (CO2) snd Oxygen (O2) Levels in MAP Packages of 
ground beef (GS) and steaks from strip loins (LD), inside round (SM), and 
tenderloin (TL). 



Meat Cut 


Storage 
Temperature, °F 


Storage 
Time, days 


C02, % 


O2, % 




OO 


( 


ZoA 


0 5 


Go 


A 1 

43 


7 


28.7 


t 

0 




oc 


14 


27.7 


0 


GB 


A O 

43 


14 


28.3 


0 


GB 


35 


21 . 


27.4 


0 


j GB 


A O 

43 


21 


28.0 


0 


: LD 


35 


7 


33.3 


0 


LD 


A O 

43 


7 


34.2 


j 

0 


LD 


00 


21 


32.4 


0 


LD 


43 


21 


31.8 


0 


1 n 
LU 


oc 
oO 


00 


ol.l 


0 


LU 




00 


HO C 

28.5 


0 


CM 


QC 


f 


28.9 


0 


Olvl 


HO 


I 


OQ "7 


0 


cm 


CO 






0 


f CM 

t owl 


HO 


91 


07 O 
.0 


0 


) 

1 SM 


35 


35 


26 8 


n 


SM 


43 


35 


24.6 


0 ! 


; TL 


35 


7 


34.3 


0 


TL 


43 


7 


34.8 


0 


TL 


35 


21 


33.6 


0 


TL 


43 


21 


32.3 


0 


! TL 


35 


35 


32.5 


0 


I TL 


43 ' 


35 


29.2 


0 



Table 2 - Means for initial visual color and a* values for beef cuts exposed to 
carbon monoxide during storage at 35°and 43°F in Active Tech WAP vs. baseline 
cuts exposed only to oxygen. 



Trait 


Product 


Baseline 
cuts 


" " ff ~ " ! 

Time in Active Tech MAP, days at 35° F ) 


7 


14/21 


21/35 | 




GB 


1.3a 


1.6b 


1.7b 


1.8b J 


LD 


2.2b 


2.5b 


1.8a 


2.2b i 


| Initial 
j Visual 
! Color 


ISM 


1.8ab 


2.0b 


1.7a 


2.0b 




OSM 


2.6b 


2.6b 


1.9a 


2.5b 




TL 


1.9a 


2.0a 


1.9a 


2.1a 


I 

i 


i 


i 

t 

| Initial 
; a* Values 


GB 


23.4a 


25.6b 


25.9b 


25.6b 


i 
I 
I 

3 
$ 

i 
! 


LD 


25.8a 


25.7 a 


27.1 ab 


28.1b 


ISM 


28.5a 


26.9a 


30.0a 


29.4a 


OSM 


27.4a 


27.7a 


29.8a 


29.5a 




(redness) 


TL 


23.6a 


27.5b 


30.0c 


29.3c 


> 


Q 

Time in Active Tech WAP, days at 43° F 




GB 


1.3a 


1.7b 


1.8b 


2.5c 


LD 


2.2a 


2.3a 


2.1a 


2.0a 


initial 

Visual 

Color 


ISM 


1.8a 


1.8a 


1.7a 


2.4b 


OSM 


2.6b 


2.2a 


2.2a 


2.0a | 


TL 


1.9a 


2.0ab 


1.8a 


2.2b 






GB 


23.4a 


25.7b 


25.1b 


25.5b 


LD 


25.8a 


25.5a 


28.7b 


27.5b 


Initial 


ISM 


28.5a 


28.7a 


28.6a 


27.5a 


a* Values 
(redness) 


OSM 


27.4a 


27.7a 


30.2b 


2S.4ab 


TL 


23.6a 


27.8b 


28.7b 


26.4b 



Means in the same row with a different letter differ (P<0.05). 
Ground beef stored 7, 14, and 21 days, other muscles 7, 21, and 35 days. 
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Table 3 - Means for days to visual unacceptable visual color (score of 3.5) and 
odor at end of display for beef cuts exposed to carbon monoxide during storage 
at 35° and 43°F in Active Tech MAP vs. baseline cuts exposed only to oxygen. 









Baseline 
, cuts 


5 1 

Time in Active Tech MAP, days at 35° F 




Trait 


Product 


7 


14/21 


21/35 






GB 


3.6c 


3.0b 


3.0b 


2.3a 


1 


Days in 
display to 
unacceptable 


LD 


6.2c 


5.0b 


5.2b 


- — ) 

3.8a | 


} 

1 


ISM 


3.2a 


4.8c 


4.0bc 


3.5ab 


OSM 


4.8c 


3.5b 


3.4b 


2.6a 




color 


TL 


2.6a 


3.0b 


3.2b 


2.8ab 


f 


5 — — 5 

Time in Active Tech MAP, days at 43° F 


! 
i 
» 

i 




GB 


3.6d 


3.0cd 


2.3b 


1.5a 


! 

i 




LD 


6.2d 


5.0c 


3.3b 


2.3a ' 


I 

t 

i 


Days in 
display to 
unacceptable 
color 


ISM 


3.2b 


4.0bc 


3.1b 


2.0a 


OSM 


4.5d 


3.0c 


2.4b 


/ 1.6a 


i 
5 


TL 


2.6ab 


3.0b 


2.3ab 


1.7a 


{ 




e ■ — — 

Time in Active Tech MAP, days at 35° F 


i 

\ 




GB 


1.5a 


1.9a 


2.8b 


2.4ab 


i 

• Off -odor 


LD 


1.3a 


1.3a 


2.3b 


2.3b 


1 

! ! 


score at end 


SM 


1.5a 


2.2a 


3.0b 


3.0b 


of display 


TL 


1.6a 


1.2a 


3.1b 


3.3b 


\ 


e ■ 

Time in Active Tech MAP, days at 43° F 


i 




GB 


1.5a 


3.3a 


3.6a 


3.9a 


Off-odor 


LD 


1.3a 


2.9a 


3.3ab 


3.6b 


score* at end 


SM 


1.5a 


2.2a 


3.4b 


4.0b 


of display 


TL 


1.6a 


2.7a 


3.3b 


3.8c 



Means in the same row with a different letter differ (P<0.05). 
Ground beef stored 7, 14, and 21 days, other muscles 7, 21, and 35 days. 
Off-odor scale: 1 = none, 2 = slight, 3 = Small, 4 = Moderate, 5 = Extreme. 



Table 4 - Means for aerobic plate counts (APC) on beef cuts exposed to carbon 
monoxide during storage at 35°and 43°F in Active Tech MAP vs. baseline cuts 
exposed only to oxygen. 







-^eline 
cuts 


Time" in Active Tech MAP, days at 35° F 


. j 


Trait 


Product 


7 


14/21 


21/35 




End of 


GB 


2.7a 


| 2.6a 


4.7b 


5.5b 




MAD 


LD 


Jab 


0.2a 


1.4bc 


1.7c | 


] storage 

1 APCs, 
\ log 10 cfu 


SM 


1.0b 


0.3a 


0.3a 


0.3a f 


TL 


1.3b 


| 0.2a 


2.6bc 


3.1c 


1 


i 




j 
I 


End of 
display 
\ AFCs, 


GB 


4.3a 


4.4ab 


5.6b 


I 5.5b 




LD 


1.4ab 


0.4a 


2.9bc 


3.4c 




SM 


0.6a 


0.1a 


0.6a 


2.0b 


I 


; Inn 1 n rfi i 
I • l w Liu 

|- 1 


TL 


0.3a 


1.3b 


3.5c 


3.4c j 






Time" in Active Tech MAP, 


days at 43° F 




End of 


GB 


2.7a 


4.6b 


5.8c 


6.0c 




iviAr 


LD 


0.7a 


1.3ab 


3.2c 


5.1 d i 


storage 


SM 


1.0b | 


0.1a 


0.1a 


2.8c { 


APCs, 














log 10 cfu 


TL 


1.3a 


1.6a 


3.7b 


4.0b 












End of 


GB 


4.3a 


5.8b 


5.9b 


6.1b 




disolay 


LD 


1.4a 


1.3a' 


2.8b 


5.3c j 




APCs, 


SM 


0.6a 


0.3a 


0.7a 


2.5b ' 




log 10 cfu 


TL 


0.3a 


3.3b 


4.2b 


4.6b i 





Means in the same row with a different letter differ (P<0. 05). 
Ground beef stored 7, 14, and 21 days, other muscles 7, 21, and 35 c' 
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C^ron Monoxide 


99,99% min. 


Oxyycn 


< 0.5 PPM 


Nitre pen 


<10FFM 


; Carbon Dioxide 


<20PPM 


Methane 


<5PPM 


I Ethane 


<1PPM 


I Propane 


<1PRM 1 


Dimcihvl Ether 


<1PPM I 


Hydrogen 


<1PPM j 


Moisnire I 


<ippm i 



Note: Analysis arc eonducied utilizing appro\-ed analytical 
nrrJiod (s) and arc coned to within the analytical accuracies 
of this (these) method (s). 
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Designation: D 1946- 90 (Reapproved 2000) 



Standard Practice for 

Analysis of Reformed Gas by Gas Chromatography 1 

This standard is issued under the fixed designation D J946; the number immediately following the designation indicates the year of 
original adopnrfh or. in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval A 
superscript epsilon (<) indicates an editorial change since the last revision or reapproval. 



1. Scope 

1.1 This practice covers the determination of the chemical 
composition of reformed gases and similar gaseous mixtures 
containing the following components: hydrogen, oxygen, ni- 
trogen, carbon monoxide, carbon dioxide, methane, ethane, 
and ethylene. 

1.2 This standard does not purport to address ail of the 
safety- concerns, if any, associated with its use. It is the 
responsibility of the user of this standard to establish appro- 
priate safety and health practices and determine the applica- 
bility of regulatoiy limitations prior to use. 

2. Referenced Documents 

2.1 ASTM Standards: 

E 260 Practice for Packed Column Gas Chromatography 2 

3. Summary of Practice 

3.1 Components in a sample of reformed gas are physically 

) separated by gas chromatography and compared to correspond- 
ing components of a reference standard separated under 
identical operating conditions, using a reference standard 
mixture of known composition. The composition of the re- 
formed gas is calculated by comparison of either the peak 
height or area response of each component with the corre- 
sponding value of that component in the reference standard. 

4. Significance and Use 

4.1 The information about the chemical composition can be 
used to calculate physical properties of the gas, such as heating 
(calorific) value and relative density. Combustion characteris- 
tics, products of combustion, toxicity, and interchangeability 
with other fuel gases may also be inferred from the chemical 
composition. 

5. Apparatus 

5.1 Detector — The detector shall be a thermal conductivity 
rype or its equivalent in stability and sensitivity. The thermal 
conductivity detector must be sufficiently sensitive to produce 



1 This practice is under the junsdiciion of ASTM Comminec D-3 on Gaseous 
Fuels and is the direct responsibility of Subcommittee D05.07 on Analysis of 
Chemical Composition of Gaseous Fuels. 

Current edition approved March 30. 1990. Published May 1990. Originallv 
published a* 1946 - 62 T. Last previous edition D 1 946 - 82. 

: Annual Book of A$T\1 S:cnd*rds, Vol 14 02. 



a signal of at least 0.5 mV for 1 mol % methane in a 0.5-mL 
sample. 

5.2 Recording Instruments— -Either strip chart recorders or 
electronic integrators, or both, are used to display the separated 
components. Although a strip chart recorder is not required 
when using electronic integration, it is highly desirable for 
evaluation of instrument performance. 

5.2.1 The recorder, when used, shall be a strip chart recorder 
with a f *!-iange scale of 5 mV or less (I mV preferred). The 
width of the chart shall be not less than 150 mm. A maximum 
pen response time of 2 s (1 s preferred) and a minimum chart 
speed of 10 mm/min shall be required. Faster speeds up to 100 
mm/min are desirable if the chromatogram is to be interpreted 
using manual methods to obtain areas. 

5.2.2 Electronic or Computing Integrators— Proof of sepa- 
ration and response equivalent to that for the recorder is 
required for displays other than by chart recorder. 

5.3 Attenuator— ]f manual methods are used to interpret the 
chromatogram, an attenuator must be used with the detector 
output signal to keep the peak maxima within the range of the 
recorder chart. The attenuator must be accurate to within 0.5 % 
between the attenuator range steps. 

5.4 Sample Inlet System: 

5.4.1 The sample inlet system must be constructed of 
materials that are inert and nonadsorptive with respect to the 
components in the sample. The preferred material of construc- 
tion is stainless steel. Copper and copper-bearing alloys are 
unacceptable. 

5.4.2 Provision must be made to introduce into the carrier 
gas ahead of the analyzing column a gas-phase sample that has 
been entrapped in either a fixed volume loop or tubular section. 
The injected volume must be reproducible such that successive 
runs of the same sample agree within the limits of repeatability 
for the concentration range as specified in 11.1.1. 

5.4.3 If the instrument is calibrated with pure components, 
the inlet system shall be equipped to introduce a sample at less 
than atmospheric pressure. The pressure-sensing device must 
be accurate to 0.1 kPa (1 mm Hg). 

5.5 Column Temperature Control: 

5.5.1 Isothermal— When isothermal operation is used, the 
analytical columns shall be maintained at a temperature con- 
stant to 0.3°C during the course of the sample run and the 
corresponding reference run. 
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5.5.2 Temperature Programming — Temperature program- 
ing may be used, as feasible. The oven temperature shall not 
'exceed the recommended temperature limit for the materials in 
the column. 

5.6 Detector Temperature Control—The detector tempera- 
ture shall be maintained at a temperature constant to 0.3°C 
during the course of the sample run and the corresponding 
reference run. The detector temperature shall be equal to, or 
greater than, the maximum column temperature. 

5.7 Carrier Gas— The instrument shall be equipped with 
suitable facilities to provide flow of carrier gas through the 
analyzer and detector at a flow rate that is constant to I % 
throughout the analysis of the sample and the reference 
standard. The purity of the carrier gas may be improved by 
flowing the carrier gas through selective filters before its entry 
into the chromatography 

5.8 Columns: 

5.8. 1 The columns shall be constructed of materials that are 
inert and nonadsorptive with respect to the components in the 
sample. The preferred material of construction is stainless 
steel. Copper and copper-bearing alloys are unacceptable. 

5.8.2 Either an adsorption-type column or a pan it ion- type 
column, or both, may be used to make the analysis. 

Note I — See Practice E 260 for general gas chromatography proce- 
dures. 

5.8.2.1 Adsorption Column — This column must completely 
separate hydrogen, oxygen, nitrogen, methane, and carbon 
monoxide. If a recorder is used, the recorder pen must return to 
bhe baseline between each successive peak. Equivalent proof of 
separation is required for displays other than by chart recorder. 
Fig. 1 is an example chromatocram obtained with an adsorp- 



tion column. 

(1) Because of similarities in thermal conductivities, helium 
should not be used as the carrier gas for hydrogen when 
hydrogen is less than I % of the sample. Either argon or 
nitrogen carrier gas is suitable for both percent and parts per 
million quantities of hydrogen. 

(2) The use of a carrier gas mixture of 8.5 % hydrogen and 
91.5 % helium will avoid the problem of reversing polarities of 
hydrogen responses as the concentration of hydrogen in the 
sample is increased. 

(3) The precision of measurement of hydrogen can be 
increased by using a separate injection for hydrogen, using 
either argon or nitrogen for the carrier gas. 

(4) Another technique for isolating the hydrogen in a sample 
is to use a palladium transfer tube at the end of the adsorption 
column; this will permit only hydrogen to be transferred to a 
stream of argon or nitrogen carrier gas for analysis in a second 
thermal conductivity detector. 

5.8.2.2 Partition Column — This column must separate 
ethane, carbon dioxide, and ethylene. If a recorder is used, the 
recorder pen must return to the baseline between each succes- 
sive peak. Equivalent proof of separation is required for 
displays other than by chart recorder. Fig. 2 is an example 
chromatogram obtained with a partition column. 

5.8.3 General — Those column materials, operated either 
isothermally or with temperature programming, or both, may 
be used if they provide satisfactory separation of components. 
6. Reference Standards 

6.1 Moisture-free mixtures of known composition are re- 
quired for comparison with the test sample. They must contain 
known percentages of the components, except oxygen (Kote 
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Cciumn: 2-m Dy 6*rnm inside oameter Type 13* 

molecular sieves. 14 ic 30 mesh 
Temperature: 35*C 



Flow rate: 60- ml helium/mm 
Sample size: 0.5 ml 



FIG. 1 Chromatogram of Reformed Gas on Molecular Sieve Column 
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Column: 1.2 m by 6.35 mm 
Porapak Q, 50 to 80 mesh 
Current setting: 225 mA 
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Temperature: 40'C 
Flow rate: 50-ml hetium/min 
Sample size: 0.5 mL 



FIG. 2 Chromatogram of Reformed Gas on Porapak Q Column 



2), that are io be determined in the unknown sample. All 
components in the reference standard must be homogeneous in 
the vapor state at the ti me of use. The fraction of a component 
in the reference standard should not be less than one half of, 
nor differ by more than 10 mol % from, the fraction of the 
corresponding component in the unknown. The composition of 
the reference standard must be known to within 0.01 mol % for 
any component. 

Note 2— Uniess the reference standard is stored in a container that has 
been tested and proved for inertness io oxygen, it is preferable to calibrate 
for oxygen by an alternative method. 

6.2 Preparation — A reference standard may be prepared by 
blending pure components. Diluted dry air is a suitable 
^tandard for oxygen and nitrogen. 

Note 3— a mixture containing approximately 1 % of oxygen can be 
prepared by pressurizing a container of dry air at atmospheric pressure to 
20 aim (2.03 MPa) w ith pure helium. This pressure need not be measured 



precisely, as the fraction of nitrogen in the mixture such prepared must be 
determined by comparison to nitrogen in the reference standard The 
fraction of nitrogen is multiplied by 0.280 to obtain the fraction of oxvgen 
plus argon. Argon elutes with oxygen in the molecular sieves column Do 
not rely on ONyeen standards that have been prepared for more than a few 
days. It is permissible to use a response factor for oxvgen that is reiative 
to a stabie component. 

7. Preparation of Apparatus 

7.1 Cohww Preparation— Pack a 2- to 3-m column (6-mm 
inside diameter stainless steel tubing) with Type 13 X molecu- 
lar sieves, 14 to 30 mesh, that have been dried 12 h or more at 
300 to 350°C Pack a second column (1 m by 6 mm) with 
Porapak Q/ 50 to 80 mesh, that has been dried 12 h or more 
at about 150°C. Shape the columns to fit the configuration of 
the oven in the chromatography 



3 Available from Waters Associates, Inc., Framingham, MA 01701. 
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Note 4 — Variations in column material, dimensions, and mesh sizes of 
Mocking are permissible if the columns produce separations equivalent to 
those shown in Fig. I and Fig. 2. Better performance may be obtained by 
using a 2.1 -mm stainless steel rubing with corresponding smaller mesh 
packing materials and substituting Haysep Q for Porapak Q. 

7.2 Chromatograph — Place the proper column and sample 
volume in operation for the desired run in accordance with 8. J 
and 8.2. For isothermal operation, the column should be 
maintained at a temperature between 30 and 45°C. When 
appropriate, column temperatures may be increased. Adjust the 
operating conditions and allow the instrument to stabilize. 
Check the stability by making repeat runs on the reference 
standard to obtain reproducible peak heights as described in 
5.4.2 for corresponding components. 

8. Procedure 

8.1 Sample Volume — The sample introduced into the chro- 
matographic column should have a volume between 0.2 and 
0.5 mL. Sufficient accuracy can be obtained for the determi- 
nation of all but the very minor components with this sample 
size. When increased sensitivity is required for the determina- 
tion of components present in low concentrations, a sample 
size of up to 5 mL is permissible. However, components whose 
concentrations are in excess of 5 % should not be analyzed by 
using sample volumes greater than 0.5 mL. 

8.2 Chromatograms: 

8.2.1 Adsorption Column (Fig. 1) — Obtain a steady baseline 
on the recorder with a constant carrier gas fiowrate appropriate 

.^V> mc column diameter. Introduce a sample of the unknown 
^mixture at atmospheric pressure into the chromatograph and 
obtain a response similar to that of Fig. I of the components 
hydrogen, oxygen, nitrogen, methane, and carbon monoxide, 
which eluie in that order. Repeat with a sample of the reference 
standard. If oxygen is present in the mixture, run a sample of 
air, either at an accurately measured reduced pressure, or air 
freshly diluted with helium, so that the partial pressure of 
oxygen is approximately equal to that of the oxygen in the 
mixture being analyzed. 

Note 5 — The peak for carbon monoxide can appear between those of 
nitrogen and methane if the molecular sieves have become contaminated. 
If this occurs, replace or regenerate the column packing by heating in 
accordance with 7.1. 

8.2.2 Partition Column (Fig. 2) — Establish a steady base- 
line with the helium carrier gas flowing through the Porapak Q 
column. Introduce a sample of the reference standard and then 
a sample of the unknown mixture. Obtain responses similar to 
that shown in Fig. 2 for carbon dioxide, ethane, and ethylene. 

S.2 i All chromatograms for manual measurement should 
be run at a sensitivity setting that permits maximum peak 
height to be recorded for each component. 

8.2.4 Column isolation valves may be used to make the 
entire arilysis with a single injection if the separations 
specified in 5.8.2.1 and 5.8.2.2 are produced. 

9. Calculation 

9.1 The number of significant digits retained for the quan- 
titative value of each component shall be such that accuracy is 
^neither sacrificed nor exaggerated. The expressed numerical 



value of any component in the sample should not be presumed 
to be more accurate than the corresponding cenified value of 
that component in the calibration standard. 

9.2 Manual Measurement — Measure the response of each 
component, convert to the same sensitivity for corresponding 
components in the sample and reference standard, and calcu- 
late the mole percent of each component in the sample as 
follows: 

C={AIB){S) (I) 

where: 

C = mole percent of the component in the sample, 

A - response of the component in the sample, 

B = response of the component in the standard at the same 

sensitivity as with A, and 
S * mole percent of the component in the reference stan- 
dard. 

9.3 If a helium-diluted air mixrure was run for oxygen 
calibration, calculate the fraction of oxygen in the mixture 
from the fraction of the nitrogen and the composition of the 
diluted air. Calculate the fraction of nitrogen in the mixture in 
accordance with 9.1, using the nitrogen response of the! 
reference standard for comparison. Air composition values of 
78.1 % nitrogen and 21.9 % oxygen should be used, as argon 
(0.9 % in air) elutes with oxygen on the molecular sieves 
column. 

9.4 If air has been analyzed at reduced pressure to calibrate 
for oxygen, correct the equation for pressure as follows: 

C=(A/B){S)(PJP b ) (2) 

where: 

P M - absolute pressure at which air was analyzed and 
P b = barometric pressure when sample was analyzed, with 
both pressures being expressed in the same units. 

9.5 Normalize the mole percent values by multiplying each 
value by 100 and dividing by the sum of the original values. 
The sum of the original values should not differ from 100.0 % 
by more than LO %. 

10. Analysis of the Reference Standard 

10.1 If the composition of the reference standard is not 
known to a sufficient degree of accuracy, analyze it by the use 
of pure components for calibration. Obtain chiomatograms of 
the standard as described in 8.2, except measure the pressure of 
each sample introduced to 0.133 kPa (1 mm He). When each 
chromatogram is obtained, calibrate each component by intro- 
ducing a sample of the pure component at a pressure that 
closely approximates its partial pressure in the blend (for 
example, a component whose concentration in the standard is 
50 % is analyzed at 50 % of the pressure at which the standard 
was analyzed). Use a minimum pressure of 0.665 kPa (5 mm 
Hg) for minor components. Repeat the analysis with the 
reference standard. Corresponding peak heights should agree 
within 1 mm or 1 % (whichever is larger) when recorded on a 
sensitivity setting that allows maximum response on the 
recorder chart. 
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1 0.2 Calculare ihe composition of the reference standard by 
fie adjustment of responses of like components to the same 
sensitivity and calculate the concentration of each component 
as follows: 



(lO0)W(/>,) 
C WJ 



(3) 



where: 
C 
R 
P 



component concentration, mole percent; 
response of the component in the reference standard; 
response of the pure component; 
P p e pressure at which the pure component was analyzed; 
and 

P r e pressure at which the reference standard was ana- 
lyzed, with both pressures being expressed in the 
same absolute units. 

10.2.1 Normalize all values as described in 9.4. 
11. Precision 

11.1 The following data should be used to judge the 
acceptability of the results: 

II. 1.1 Repeatability — Duplicate results by the same opera- 
tor should not be considered suspect unless they differ by more 



than the following amounts: 

Component, mot % 

0 to 1 

1 to5 
5 to 25 
Over 25 



Repeatability 

0.05 
0.1 
0.3 
0.5 



1 1.1.2 Reproducibility— Results submitted by different 
laboratories should not differ by more than the amounts given 
in 11.1.1 when the same reference standard is used for 
calibration and the same composition is used for calculations. 
If calibration i$ made with pure components or with different 
reference standards, results submitted by each of two labora- 
tories should not be considered suspect unless the results differ 
by more than the following amounts: 



Component, mol % 



Oto 1 
1 lo 5 
5 to 25 
Over 25 



12. Keywords 

12.1 caseous fuels 



Reproducibility 

0.1 
0.2 
0.5 
1.0 



The American Society for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection 
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such 
patent rights, and the risk of infringement of such rights, are entirely their own responsibility. 

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and 
if not revised, either reapproved or withdrawn. Your comments are invited either tor revision of this standard or tor additional standards 
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible 
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your 
views known to the ASTM Committee on Standards, at the address shown below. 



This standard is copyrighted by ASTM. 100 Ban Harbor Drive, PO Box C700, West Conshohocken, PA 19426-2959, United States. 
Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at 
6lG'832-$$85 (phone), 610-S32-95S5 (fax), or service@astm.org {e-mail); or through the ASTM website (www.astm.org). 
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UtahStote 

UNIVERSITY 

DEPARTMENT OF NUTRITION AND FOOD SCIENCES 

College of Agriculture 

College of Family Life 

Logan, UT 84322-8700 

Telephone: (435)797-2126 

FAX: (435)797-2379 



Division of GRAS Notice Review August 17, 2001 

Office of Food Additive Safety 

Center for Food Safety and Applied Nutrition 

Food and Drug Administration 

200 C St, SW 

Washington, DC 20204 



Dear FDA Personnel, 

1 am a meat scientist with experience in studying the effects on fresh meats 
of various modified atmospheres. Based on my review of the details of the 
ActiveTech 2001 modified atmosphere system employing 0.4% carbon monoxide 
gas in a mixture with 60 percent carbon dioxide and the remainder nitrogen, 
as well as the published literature and common knowledge in the field, f 
confirm that the use of modified atmospheres including 0.4% CO to package 
fresh meats as used in the ActiveTech 2001 system is both safe and generally 
recognized as safe. If I can provide any further information or clarification, please contact 
me. 



Sincerely yours, 




Da ren Cornforth, Ph.D. 
Professor, Nutrition & Food Sciences 
Utah State University 



435-797-2114 
darenc@cc.usu.edu 
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Daren Cornforlh, Ph.D. 

Birthdate: May 23, 1949 Birthplace: Fort Collins, Colorado 

Current Address: Department of Nutrition and Food Sciences 

Utah State University 
Logan, Utah 84322-8700 
(435) 797-21 14 fax (435) 797-2379 
e-mail darenc@cc.usu.edu 

Education 



Institution Degree 

Colorado State University B.S. 

Colorado State University M.S. 

Michigan State University Ph.D. 



Year Conferred Scientific Field 

1971 Animal Science 

1973 Animal Scie* ce 

1978 Food Science & Human Nutrition 



Research and Professional Experience 

Dates Position 

1 978 to Asst., Assoc., Full Prof, NFS 

present 



Duties 

Teaching/Research, Meat Processing 



1 974 to Graduate Research Assistant 
1978 at Michigan State University 

East Lansing, Michigan 

1971 to Graduate Research Assistant 
1 973 at Colorado State University 

Fort Collins. Colorado 



Dissertation on cold- induced 
shortening and toughening of 
beef muscle. 

Thesis on the effects of breed, sex, 
and diet on muscle fiber type and fat 
cell development in growing calves. 



Memberships 

Institute of Food Technologists, Amer. Assoc. for the Advancement of Science, Sigma Xi (Past 
President, USU Chapter), American Meat Science Association, Farm House Fraternity, Rocky 
Mountain Elk Foundation (Life Member), Pheasants Forever, Nature Conservancy, Cache Valley 
Wildlife Federation (and on Executive Board). 
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Current Teaching Assignment 



NFS 5560 Chemistry of Food Systems 

NFS 6450 Meat Science 

NFS 1 000 World of Food and Nutrition 

I also assist with the NFS Food Science Club College Bowl team, and coordinate (with 
Dr. Carpenter) the Utah Future Farmers of America (FFA) state contest in Food Science 
and Technology. 



Invited Speaker (1997-2001) 

Comforth, D. P. 1997. Pigment concentration and pH effects on degree of doneness of 
beef patties. FMC Corporation. Atlanta, Ga, January, 1997. 

Comforth, D. P. 1997. Nitrogen dioxide causes surface pinking on meats cooked in gas 
ovens. Meat Industry Meat Conf. Chicago, IL, Oct 28-29. 

Comforth, D. P., Jiang, C. and Mumford, B. 1998. Effect of storage time, storage and 
cooking temperature, and holding time after cooking on pigment levels in beef 
patties. Symposium, New Developments in Meat Processing, Amer. Meat Sci. 
Assn. National Meeting, Storrs, CT., June 28-July 2. 

Comforth, D. P. 2000. Keynote speaker. Pinking in Cooked Poultry. Current situation 
and general theories. Given at the Symposium on Pinking in Cooked Poulty, 
Center for Excellence in Poultry Science, University of Arkansas, Fayetteville, 
Oct 12-13, 1999. Co-sponsored by Tyson Foods, NewlyWed Foods, and KFC, 
Inc. 

Comforth, D. P. 2000. Pinking in Cooked Poultry: Michigan State University, E. 
Lansing, MI, Nov. 7. 

Comforth, D. P. 2000. Pinking in Cooked Poultry. Michiaan Turkey Processors Zeeland 
MI, Nov. 8. 

Comforth, D. P. 2001. Meat Color. Dinner speaker for the joint meeting of the Southern 
Minnesota section of JTT and the Meat Processing Short Course~sponsored by the 
Agricultural Utilization Research Institute. Southwest State University Marshall 
MN, April 25. 



National Offices and Committees (1997-2001) 

USDA Advisory Committee for the Safe Preparation of Ground Beef - 1997-8. 

AMSA (American Meat Science Association) 

G g r ^ua^e Student Poster Competition committee, Reciprocal Meat Conference, 

Executive Board 2000-2002. 

IFT Executive Comminee, Muscle Foods Division, Institute of Food Technologists, 
1998-99. ' 

Chair-Elect, Muscle Foods Division, 2000-2001. 
Chair, Muscle Foods Division, 2001-2002. 

Executive Council, Bonneville Section, IFT (Councilor representing Bonneville 
Section at National Meetings), 1998-99. 

Journal of Muscle Foods - Editorial Board, 1998-2002 

University Committee Assignments 

Committee for Laboratory Safety. 1 997-2001 . 

Faculty Senate, 2000 - 2003. 

Faculty Senate Executive Committee 2000 - 2001 . 

Grants (1997-2001) 

Comforth, D. P. 1997-98. Factors affecting hamburaer desree of doneness McDonald's 
Corp. Oak Brook, IL. S8.480. 

Cornfonh, D. P. 1998. Evaluation of various dairy fractions as inhibitors of lipid 

oxidation in precooked meats. Western Dairy Foods Center, Logan, UT. S9.560. 

Comforth, D. P. 1999. Verification of nutritent label claims on lowfat milk, lean 
hamburger, and breakfast cereals. Dr. Alan Luke (Alumni Donor), Si, 500. 

Comforth, D. P. and Carpenter, C. E. 1999-2000. Evaluation of carbon monoxide 

treatment in modified atmosphere or vacuum packaging to increase jolor stabilitv 
of fresh beef. National Cattlemen's Beef Association, S~14,500. 



Carpenter, C.E. and Cornforth, D. P. 1999-2000. Effect of consumer bias for beef color 
and packaging on eating satisfaction. National Cattlemen's Beef Association 
SI 5,000. 

Cornforth, D. P. 1999-2002. Evaluation of antioxidant properties of milk powders in 
cooked meats. Glanbia Foods, Twin Falls, ID. S30,000. 

Cornforth, D. P. 2000-2002. New antioxidants in cooked meats. Utah Aerie. Exd Stat 
SI 5,000. " F ' 

Bailey, D. and Dickinson, D. (Cornforth, D.P., co-investigator). 2001-2003. Traceability: 
A market opportunity or threat to the US meat industry. USDA-CREES. SI 60,000. 

Cornforth, D. P. 2001-2002. Dried whey minerals as an antioxidant in processed meats. 
Dairy Management Institute (DMI). S97.500. 



Graduate Committees Chaired (1997-2001) 

Heaton, K. M. 1998. Minimum levels of nitrite, nitric oxide, and carbon monoxide , 
causing pinking in cooked beef and turkey rolls. M. S. thesis, Utah State 
University, Logan, Utah. (Now Extension Agent, Garfield & Kane Counties, 
Utah). 

Moiseev, I. V. 1998. Prevention of pink discoloration and microbial safety of rolls and 
patties made from dark-cutting beef, PhD dissertation, Utah State University, 
Logan, Utah. (Now lab chemist, Borden Foods, Columbus, OH). 



Racz, J.M.I 998. An inoculated pack study using Clostridium sporogenes PA 3679 to 
determine the shelf stability of a vacuum packaged meat/vegetable stick. M. S. 
thesis, Utah State University, Logan, Utah. (Now lab chemist, Fresenius Medical 
Ogden, UT). 

Jayasingh, P. 2001. Dried milk minerals as an antioxidant in processed meats. Ph.D. 
dissertation, Utah State University, Logan, Utah (work in progress). 



Product Development and Extension 

Stew Sticks are currently in retail production by Utah Jerky, Inc., Ogden, UT. 

Cornforth, D. P., Bailey, D. ( and McEvoy, R. 1 997. Developed a video of ostrich 

slaughter and processing, used by the new plant in Filmore, UT for employee 
training, and also used by USU extension agents. 



Refereed Publications (1997-2001) 



Moiseev, I. V. and Cornforth, D. P. 1997. Sodium hydroxide and sodium tripolyphosphate 
effects on bind strength and sensory characteristics of restructured beef rolls. Meat Sci 
45:53-60. 

Quinton, R. p., Cornforth, D. P., Hendricks, D. G., Brennand, C. P. and Su, Y. K. 1997. 
Acceptability and composition of some acidified meat and vegetable stick products J Food 
Sci. 62:1250-1254. 

Cornforth, D. P., Rabovitser, J. K., Ahuja, S., Wagner, J. C, Hanson, R., Cummings, B. and 
Chudnovsky, Y. 1998. Carbon monoxide, nitric oxide, and nitrogen dioxide levels in eas 
ovens related to surface pinking of cooked beef and turkey. J. Agric. Food Chem. 46:255- 
61 . 



Lee, B., Hendricks, D. G. and Cornfonh, D. P. 1998. Antioxidant effects of carnosine and 
phytic acid in a model beef system. J. Food Sci. 63:394-398. 

Lee, B., Hendricks, D. G. and Cornforth, D. P. 1998. Effect of sodium phytate, sodium 
pyrophosphate, and sodium tripolyphosphate on physicochemical characteristics of 
restructured beef. Meat Sci. 50:273-283. 

Moiseev, I. V. and Cornforth, D. P. 1999. Treatments for prevention of persistent pinkins in 
dark-cutting beef patties. J. Food Sci. 64:738-43. 

Lee, B., Hendricks, D. G. and Cornforth, D. P. 1999. A comparison of camosine and ascorbic 
acid on color and lipid stability in a ground beef pattie model system. Meat Sci. 51:245- 



Heaton, K. M., Cornforth, D. P., Moiseev, I. V., Egbert, W. R. and Carpenter, C. E. 2000. 
Minimum sodium nitrite levels for pinking of various cooked meats as related to use of 
direct or indirect-dried soy isolates in poultry rolls. Meat Sci. 55:321-329. 

Carpenter, C. E., Cornforth, D. P., Whittier, D. 2001. Consumer preferences for beef color and 
packaging did not affect eating satisfaction. Meat Science 57:359-363. 

Jayasingh, P. Cornforth, D. P., Carpenter, C. E., and Whittier, D. 2001. Evaluation of carbon 
monoxide treatment in modified atmosphere packaging or vacuum packasing to increase 
color stability of fresh beef. Meat Science, In press. 

Book Chapters 

Cornforth, D. P. 2000. Miscellaneous Colorants - Cured Meat. Unit F6.2 in Current Protocols 
in Food Analytical Chemistiy. S. J. Schwartz, Ed. John Wiley & Sons, Inc. New York, NY. 

Cornforth, D. P. 2001 . Potential use of phytate as an antioxidant in cooked meats. Ch. 1 1 in 
Food Phytates. R. Reddy and S. K. Sathe, Eds. Technomic Publ., Inc., Rowayton, CT. 
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ATTACHMENT 8 



€ N V I RON 



August 27, 2001 

Eric Greenberg 

Ungaretti & Harris 

3500 Three First National Plaza 

Chicago, H 60602-4283 



Re: Generally recognized as safe ("GRAS") determination for carbon monoxide from 
Pactiv ActiveTech food-contact packaging. 

Dear Eric: 

This letter reports my assessment, based on my review of the available information, that the 
potential consumer exposure to carbon monoxide from the Pactiv ActiveTech food-contact packaging 
is safe, and is also generally recognized as safe ("GRAS"), under the Federal Food, Drug, and * 
Cosmetic Act ("FDCA" or "the Act") when used under conditions defined in the attached GRAS 
determination document. First, the safety of carbon monoxide in this use is demonstrated by ■"' 
comparison of the U.S. Environmental Protection Agency ("USEPA") national ambient air quality 
standard ("NAAQS") for carbon monoxide with the estimated daily intake ("EDI") of carbon 
monoxide under the intended conditions of use of the product. Exposure to a substance eenerally is 
considered safe for its intended use if the EDI is a fraction of the allowable daily intake ("ADI"). 
Second, the GRAS status of carbon monoxide in this use is affirmed by demonstrating that the safety 
of carbon monoxide from Pactiv ActiveTech food-contact packaging material in its intended use is 
generally recognized. 

My GRAS determination was based on scientific procedures as outlined in the U S Food and 
Drug Administration ("FDA") regulations (at § 170.30(b)). This section requires that the same quantity 
and quality of scientific evidence is available and is reviewed as is required to obtain approval of the 
substance as a food additive. Moreover, in addition to requiring scientific evidence of safety (as with 
a food additive), a GRAS determination also requires that this scientific evidence of safety be 
generally known and accepted by experts qualified in the appropriate scientific and technical fields. 
This common knowledge requirement of a GRAS determination includes two elements: (1) the data 
and information relied upon to establish the scientific basis for safety must be generally available; and 
(2) there must be a basis to conclude that there is a consensus among qualified~experts about the safety 
of the substance for its intended use. 

Based on the scientific literature, studies, conclusions, and restrictions presented in the GRAS 
determination document, I regard the proposed uses of carbon monoxide from Pactiv ActiveTech 
packaging material as eenerally recognized as safe because the use will result in an exposure that is 
well below an acceptable exposure level for carbon monoxide. 



ENVIRON International Corporation 
4350 North Fairfax Drive, Suite 300 • Arlington, VA 22203 USA 



GRAS Determination a „„,„.♦ to mm 

for CO from Pactiv: ActiveTech 2001 AUgUSt 19 J™ 

No evidence exists in the available information on carbon monoxide that demonstrates, or 
suggests reasonable grounds to suspect, a hazard to the public health when carbon monoxide 
is used at levels that might reasonably be expected from its proposed use as an additive in the 
Pactiv ActiveTech food-contact packaging material as defined in the GRAS determination 
document. 

Jt is my opinion that other qualified and competent scientists reviewing the same publicly 
available data would reach the same scientific conclusion. Therefore, carbon monoxide, as an additive 
in the Pactiv ActiveTech food-contact packaging material, is generally recognized as safe 



Vasilios H. Frankos, Ph.D. 
Principal, Health Sciences 
ENVIRON Internationa] Corporation 
Arlington, Virginia 



VASILIOS H. FRANKOS, Ph.D. 
EDUCATION 

1 977 Ph.D., Pharmacology and Toxicology, University of Maryland Pharmacy School 
1 973 M.S., Biology, University of Maryland 
1 970 B.A., Biology, University of Maryland 



EXPERIENCE 



Dr. Frankos is a Principal at ENVIRON Corporation and has over 20 vears ofnmpnWp ■ <u 

1 Pham ^f CaI f - "-d to J^^^Z^ 

food additives, drugs med.cal devices, cosmetics, pesticides, and environmental and occupational 
exposures. He has also been involved in the development of exposure and risk assessment 
3»«r^ ENVIRON, Dr. Frankos has led, contributed to, ^"TLdreds 



Foods and Food Additives: 



Dr. Frankos has worked on a wide variety of projects evaluating the safety of foods direct and 
mdtrect food add.Uves, and food contaminants. As part of these food-related safety ev u t ons he 
has developed strateg.es for testing new direct and indirect additives, evaluated toxicity , es data £> 

' w' trf H Kiffl f C ^ ,CChniCal SUPP ° rt 10 ^ COa,iti ° n f ° r Safe 

Ceramics are (CSC). Performed a safety assessment of ceramic pitchers with elazes containine 
lead using data collected on migration of lead into a food simulant and into real foods Th T 
assessment was submitted to the FDA as part of the CSCs comments on the FDA-cnt * , 
changing the action level for lead from ceramic pitchers. Pr ° P ° Sed ra,e 

' fonS V dirCCt !^ 3dditiV ^ P rt ti,i0nS GRAS self - af ^ation documents for numerous 
food addit.ves including, novel fibers sources, an anti-caking agent, enzymes, suears Z a 
major new class of food additives. », augdre, ana a 

• Conducted a GRAS self-affirmation review, including an evaluation of safety data of the first 
bioengineered food approved by the FDA. Presented this GRAS review to the FDA on beh f of 
the client, a major biotechnology company. a " of 

• Developed a GRAS affirmation document for a cellulose product, manufactured by a novel 
bactenal fermentation process, with proposed food use as a suspending/thickening a eent 
Designed, placed, and mon.tored preclinical toxicity studies required for FDA approval. ' 

. Estimated doses posing no significant risk for chemicals that could potentially leach from 
packaging into food Assessed the potential human exposure to these chemicals from m7*rati 
from packaging into food. ComDared the notPntiai ;»«...,.,» ,gra " 



on 
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• Petitioned the FDA to sanction expanded use in foods of an approved food additive. Prepared a 
review and update of existing toxicological literature on the material and estimated the increase 
in exposure likely to result from proposed new uses. 

• Evaluated the carcinogenic risk associated with exposure to acrylamide residues in food and 
methylene chloride in decaffeinated tea. 

• Addressed issues relating to FDA's regulation of polychlorinated biphenyl (PCB) residues. 
Examined whether tolerances for PCBs in fish could be reinterpreted for less chlorinated PCBs 
that have lower or no carcinogenic potency. Determined necessary research to establish 
differences in potency between PCBs. 

• Developed an innovative exposure and safety assessment for a novel single cell protein 
(mycoprotein) meat substitute that has been submitted to the FDA for approval. 

• Conducted a simulated FDA review of a food additive petition on a new artificial sweetener 
submitted to the FDA by the client's competitor. Review included critical evaluation of product 
chemistry, efficacy, estimates of human exposure, animal and human toxicology data, 
pharmacokinetics and metabolism information, and the basis for determining the acceptable daily 
intake of the sweetener. 

• Performed a detailed evaluation of toxicity and carcinogenicity studies sponsored by a major 
drug company and studies from the published literature for the company's non-nutritive 
sweetener and assessed the toxicological significance to humans. Assisted in submission of a 
food additive petition. Provided continued regulator}' support during the FDA review process. 

Human and Veterinary Drugs, Medical Devices, and Cosmetics: 

Dr. Frankos has provided scientific and regulatory guidance to clients in the human and veterinary 
drug, medical device, and cosmetic industries. He has been involved in identifying and assessing the 
risks to humans associated with exposure to constituents of these products. He has assisted clients in 
these industries in interacting with the FDA and has assisted them in complying with all aspects of 
FDA regulations. Some of his major projects in the areas of drugs, medical devices, and cosmetics 
include: 

• Reviewed two large epidemiological studies on the differences in adverse drug reaction rates 
between two types of radiographic contrast media. Prepared a safety review document on animal 
and human literature on contrast media. 

• Performed an independent evaluation of a New Drug Application (NDA) submission to the FDA, 
with emphasis on review of efficacy studies. 

• Assisted the medical device manufacturer in complying with FDA's post-approval requirements 
for its device including compliance with the Medical Device Reporting (MDR) rule, submission 
of updates to the PMA application, and ensuring that all labeling and marketing materials are in 
compliance with FDA regulations. Designed a post-marketing clinical trial for the device to 
comply with FDA recommendations. 

• Evaluated the potential carcinogenic risks to humans of an over-the-counter (OTC) medication 
that is applied to the skin. Prepared a report on these findings that was submitted to the FDA. 



.1. 
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• Prepared and submitted to the FDA a New Drug Application (NDA) for a drug that holds 
promise for dramatically decreasing the high percentage of reocclusion that occurs in angioplasty 
patients. 

• Assisted a major pharmaceutical manufacturer in assessing potential health risks associated with 
a specific ingredient of various over-the-counter (OTC) drugs. 

• Critically evaluated both published and unpublished studies on a psychoactive drug and rendered 
an opinion to the client on potential health efkas of the drug and whether a no-observed-effect 
level (NOEL) had been established. 

Provided guidelines for subchronic testing to evaluate the safety for human use of an allergen 
desensitizer that was produced by polymerizing the allergen through a glutaraldehyde treatment. 

Analyzed the potential risk to humans resulting from the use of Furazolidone as an animal drug. 
Determined an estimate of this risk and presented the estimate to the FDA at a public hearing. 

Assisted a major manufacturer of veterinary drug products in developing an approach to dealing 
with mouse liver tumors and their usefulness as evidence of carcinogenicity. 

Reviewed and evaluated a New Animal Drug Application for FDA submission. Advised on the 
necessity of future studies. 

Assembled an expert panel to address the safety of an antimicrobial agent, extracted from a plant 
source, for use in oral hygiene products (e.g. toothpaste and oral rinse). The evaluation included 
a review of the preclinical and clinical toxicologic database, analysis of exposure, and 
determination of margin of safety associated with the proposed oral uses. 

Critically evaluated the evidence cited by FDA as the basis for considering nitrofuran animal 
drugs to be carcinogenic under the meaning of the Delaney Clause of the Federal Food, Drug, 
and Cosmetic Act. 

Reviewed toxicity data to be submitted in support of an Investigational Device Exemption (IDE) 
for an implantable medical device. Recommended and monitored the performance of 
supplemental tests, performed an exposure assessment of substances leaching from the device 
into the systemic circulation, characterized the risk to health from such exposures, and assisted in 
the presentation of these findings to the FDA. 

Evaluated toxicity data on the materials used in a device intended to be implanted in the 
abdominal cavity. Examined the adequacy of the existing data on the device material, the safety 
of the material used, and the safety of the proposed replacement material. Recommended studies 
to improve the data for submission to the FDA. 

Conducted a quantitative risk assessment on numerous color additives used in dermally applied 
cosmetics including an evaluation of toxicity, an analysis of exposure, and a determination of 
quantitative risks. 

Performed a hypothetical risk assessment for two colors used in cosmetics, based on the 
assumption that, if tested, they would produce tumors in rats. Demonstrated that such an 
outcome would still allow continued safe use of these colors in cosmetics. 



VASILIOS H. FRANKOS, Ph.D. 



Pesticides: 

Dr. Frankos has assisted U.S. and foreign manufacturers in obtaining EPA and California registration 
of agricultural, forestry, and homeowner use pesticide product? Some of his major projects in the 
area of pesticides include: 



Reviewed EPA's assessment of dietary oncogenic risk of two fungicides and advised the 
manufacturers of additional data needed to perform a quantitative risk assessment. 

• Designed and supervised a field study to estimate exposure to a pesticide during "worst case" 
application. The study monitored the application of the chemical, measured exposure of the user 
during various phases of application and determined the effect of protective clothing on 
exposure. 

• Reviewed the results of an aquatic organism field monitoring study and its supporting laboratory 
data for a major manufacturer of agricultural chemicals. 

• Evaluated toxicity and prepared a risk assessment for residues of a fungicide in imported wines. 
Counseled client on process necessary to receive an EPA import tolerance for the fungicide. 
Advised client on additional data needed to support a tolerance. 

• Designed and monitored toxicology studies for a German firm required for registration' of a plant 
growth promotor and assisted in submitting data to the EPA. 

• For a West German pesticide manufacturing company wishing to purchase the patent rights to a 
new pesticide developed in the U.S., provided counsel on the acceptability of the available data 
to EPA and OECD and the further data needed to obtain a registration in the U.S. 

Environmental and Occupational Exposures: 

Dr. Frankos has directed numerous exposure and risk assessments involving hundreds of chemicals 
that have been associated with industrial processes, toxic waste or municipal incinerators, and 
hazardous waste sites. These assessments have used computerized models and include all routes of 
exposure. Some of his major projects in the areas of environmental and occupational exposures 
include: 



• Performed a safety assessment for the consumption of drinking water in contact with a piece of 
equipment that could potentially release lead, including an estimation of 1 990 baseline blood 
lead levels for four subpopulations using the Integrated Uptake/Biokinetic Model and a 
determination of the maximum acceptable concentration of lead in drinking water that was 
potentially in contact with the equipment. Collected and reviewed information on factors that 
affect the leachability of lead into drinking water. 

• Assisted manufacturers of the plasticizer di-(2-ethylhexyl) phthalate (DEHP) in developing a 
method for estimating exposure resulting from the chemical's presence in polyvinyl chloride 
(PVC) consumer products such as vinyl-covered furniture, vinyl wallpaper, flooring, and showe 
curtains. 

• Critically reviewed acrylamide's carcinogenic activity in Fischer 344 rats and designed a new 
cancer bioassay in rats that will improve risk assessments for acrylamide. 



VASILIOS H. FRANKOS, Ph.D. 

• Reviewed the scientific basis for establishing safety factors needed to protect workers from 
reproductive toxicity associated with glycol ether exposure. 

• Reevaluated the data from a National Cancer Institute (NCI) bioassay on dibutyltin diacetate to 
resolve discrepant interpretations by NCI and FDA. 

• Reviewed FDA and National Toxicology Program (NTP) evaluations of the bioassay on 
dimethylterephthalate and rendered an opinion on the adequacy of the NTP and FDA decisions. 

• Supported the EPA Office of Solid Waste in developing measures of inherent toxicity which can 
be combined with exposure estimates to provide a relative ranking for scheduling hazardous 
solid waste. 

• Provided scientific litigation support for a municipality in which its waste treatment plant and 
landfill were contaminated with PCBs. 

• Participated in a number of projects examining the developmental, embryotoxic, and teratogenic 
effects of lead observed in animals, including the effects of lead on the reproductive systems of 
male and female rats. Recommended a no-observed-adverse-effect level (NOAEL) for lead. • 

Exposure and Risk Assessment Methodology Development: 

Dr. Frankos has participated in the development of new exposure and risk assessment metnodolooies 
for federal and state regulatory agencies. He has also been integral in the development of exposure 
and nsk modeling software. Some of his major projects in these areas include: 

• Developed a background document for the EPA on reproductive toxicity risk assessment for use 
in drafting interagency risk assessment guidelines. 

. Directed development of a scheme for the EPA that allows severity of toxic effects to be 
incorporated into safety evaluations of EPA regulated products. 

• Summarized and compiled comments received by EPA on their proposed euidelines (1985) for 
developmental toxicity assessment. 

• Assisted in evaluating EPA's procedures for estimating safe short-term exposure limits and in 
developing an alternative method that could be uniformly used by the entire agency. 

• Assisted in the development of criteria for listing chemicals as developmental toxicants under 
California's Proposition 65. 

. Directed the development of a computer software system, ERMA (Exposure and Risk Modeling 
Ass!Stant) that enables ENVIRON to provide high quality, scientifically defensible evaluations" 
of potential exposures and resultant risk. 

Before joining ENVIRON Corporation, Dr. Frankos held the following positions: 

• Associate Director, Life Sciences Division, Clement Associates. In that position he had the 
following experience: 

Supervised a staff of eight scientists who assessed the risk posed by environmental 
contaminants, occupational carcinogens, pesticides, drugs, commercial product 
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constituents, and food additives. Many of these projects involved evaluating human and 
animal toxicology data for use in conducting human risk assessments. This position 
required management of time constraints, budgetary limitations, and personnel allocations 
in a manner that provided the client with a scientifically defensible document. 

- Directed preparation of reports for industry clients that included "Safety Assessment 

^ S p\ I in f Hy§iene Pr ° dUC,S " ; " The Impact of a Pr °P° sed Salicylate Warning 
on the Risk Associated with Diseases and Conditions in Children"; and "A Proposed 
Mechanism of Action for a Carcinogenic Hair Dye Ingredient." 

- Directed and prepared a report to OSHA entitled "Formaldehyde Risk Assessment for 
Occupationa ly Exposed Workers" and assisted in developing guidelines for interspecies 
data extrapolation for use by OSHA in its revised cancer policy. 

- Provided litigation toxicity support to private and industry clients and assisted private 
r^ments ° f tCSting pr0,0C0,S for ,he Ptoses of fulfilling regulatory 

" S ih7^l£ P W repr ° dUCtive ,oxic "y wi,ness in ^ House of Representative's hearing on 
the Relationships of Exposure to Toxic Chemicals and Reproductive Impairment." 

AdministXn dViS ° r ' ^ ° f HCalth Commissioners 0ffice * ^ad and Drug. 

- Provided professional scientific expertise in pharmacology, toxicology, biochemistry and 
bio ogy requisite to the effective accomplishment of the Agency's sdemific 2 and 
leadership function. Served as technical expert, scientific advisor, and liaison of the 
Commissioner at the Bureau level on matters relevant to toxicologic and pharmacologic 
safety assessment of toxic substances to which humans and animals are exposed 

- Responsibilities included performing risk assessments on compounds (such as PCB's 
methapyraline, caffeine, etc.) that could be utilized by the Commissioner's office in ' 
choosing between various regulatory options. Routinely reviewed toxicity data on 
compounds as diverse as caffeine, methylsalicylate, xylitol, and sodium nitrite. Provided 
htigation support and testified as expert toxicology witness at the Administrative Law 
Judge hearing on the safety of cyclamate. 

- Participated in the National Toxicology Program (NTP). Duties included review of aeencv 
nominations for toxicity testing by NTP, research planning for the re 2u latory needs of 
workg?oup a s ratl0n ° f AmUal CarCin ° gen * epon ' and P^cipation" in numerous NTP 

- Interagency and international initiatives included chairing the Interagency Regulatory 
Liaison Group (IRLG) V orkgroup on Reproductive Toxicity Risk Assessment Planned 
coordinated, and published a three-day symposium entitled, "The Effects of Foods and ' 
Drugs on the Development and Function of the Nervous System." Chaired and oreanized a 
national workshop on Reproductive Toxicity Risk Assessment. 

- Served as Project Director of a contract with the Environment Teratology Information 
Computer Div.sion, Oak Ridge National Research Laboratory to develop comprized 
teratology literature data extraction, indexing, and collation. This data base system is being 
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integrated into the ETIC master computer file and will be manipulated through the 
INQUIRE data base management system. 

• Senior Toxicologist, Division of Toxicology, Center for Food Safety and Applied Nutrition 
Food and Drug Administration. ' 

- Responsible for the toxicologic evaluation of compounds of special interest to the agency. 
Required expert review of data on carcinogenicity, promotion, reproduction, teratology, 
and pharmacokinetics. Presented scientific evaluations to congressional, departmental and 
agency directors. Represented the agency on sensitive scientific issues. Areas of emphasis 
included evaluation of toxicity data on artificial sweeteners (saccharin, cyclamate, xylitol 
etc.), development of reproductive toxicity risk assessment criteria, pharmacokinetics 
evaluation of compounds (methylene chloride, sodium nitrite, saccharin, etc.), and risk 
assessment. 

- Directed the development of a PC computer network to be used by the Review Toxicoloeist 
of the FDA Bureau of Foods. This system allows direct access to toxicology data bases at 
NLM, Oak Ridge, Dialog, and extensive FDA internal data bases and full manipulation ' 
storage, and collation of personalized literature data bases. ' 

Toxicologist, Division of Toxicology, Bureau of Foods, Food and Drug Administration. 

- Responsible for toxicologic review of substances used as direct and indirect food additives 

Duties required discussions with manufacturers, formulators, lexicologists, universities ' 
and other agencies on experimental procedures for showing safety and estimating risk. ' 

- Additional duties and accomplishments included primary involvement in planning testing 

and implementing new proposed regulations that direct the priority assessment review of 
all food additives. Duties included designing and implementing modem toxicity testing 
protocols, protocol quality parameters, criteria for utilizing toxicity data, and computer 
compatible toxicology test summarization forms. Co-led a 12 person toxicology cyclic 
review team. This endeavor was awarded a commendable service citation. 

- Served as the toxicology member on the Program Advisory Board for the FDA's effort to 

modernize the storage and retrieval of safety information in the Bureau of Foods Over 
rwo million dollars was expended for the computerization and microfiching of all Bureau 
petition files. This system is now fully operational within the FDA and is called SIREN. 

Research Assistant, Department of Pharmacology and Drug Abuse, Maryland Psychiatric 
Research Center. 

- Laboratory responsibilities included the daily analysis of the catecholamines and their 

metabolites in the urine of patients under different drug therapies. Used column 
chromatography to separate the monoamines and their metabolites with subsequent 
fluorometric determinations of the r cmounts. Techniques involved using radioisotopic 
methods to determine monoamine oxidase kinetics, substrate km, and oxyeen 
requirements and preparing mitochondrial isolates to study by oxyeraphiclssay and 
radioisotopic methods. 

- Clinical responsibilities included the collection, collation, and statistical analysis of data 

obtained by researchers in various disciplines, such as clinical and physioloeical 
psychology, biochemistry, and pharmacology. Assisted in the desien, implementation 
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and statistical analysis of a study concerning the use of naloxone and cyclazocine as 
narcotic antagonists in a population of paroled drug addicts. Implementation of the study 
involved administering, scoring, and statistically analyzing psychodiagnostic and 
intelligence tests. 



HONORS 

1980 FDA Commendable Service Award for Direct Food Additive Cyclic Review 
1 969-70 Baltimore University Club Scholarship 
1 966-67 American Hellenic Education Scholarship 



PROFESSIONAL ACTIVITIES AND MEMBERSHIPS 

Invited presentation entitled "Developmental and Reproductive Toxicity Testing of Implantable 
Medical Devices." Presentation for: 1996 Summer Short Course Series on Medical Device 
Biocompatibility: From Material Screening to Final Product Testing. Sponsored by: Case 
Western Reserve University. July 18-19, 1996, Baltimore, Maryland. 

Invited presentation entitled H Risk Assessment: What is it? How can I use it?" Regional Meeting of 
the Association of Official Analytical Chemists (AOAC), October 27, 1 994, College Park, 
Maryland. 

Invited presentation entitled "Testing Requirements for Medical Devices'* Annual Genetic 
Toxicology Workshop, May 3-5, 1993, Rockville, Maryland. 

Society of Regulatory Toxicology and Pharmacology 1990 - 

Food and Drug Law Institute 1990 - 

Guest Lecturer, University of Vermont Law School "Risk Assessment at the Law" June 4-14, 1990, 
Burlington, Vermont. 

Invited presentation entitled "Review of Safety and Toxicity of Sansuinaria and Sanguinarine" 
Symposium on Sanguinaria, April 25, 1990, Toronto, Ontario, Canada. 

Invited presentation entitled "Health Risks and Safety Precautions" PCB Compliance, Cleanup and 
Disposal, March 27-28, 1990, Toronto, Ontario, Canada. 

Environmental Law Institute 1989 - 
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Invited panel member "Weight of Evidence Considerations in Identifying Reproductive and 
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KSR INTERNATIONAL CO., PETITIONER v. TELEFLEX INC. ET AL. 



No. 04-1350 



SUPREME COURT OF THE UNITED STATES 



127 S. Ct. 1727; 2007 U.S. LEXIS 4745; 75 U.S.L.W. 4289 



November 28, 2006, Argued 
April 30, 2007, Decided 



NOTICE: [*1] The LEXIS pagination of this document 
is subject to change pending release of the final pub- 
lished version. 

PRIOR HISTORY: ON WRIT OF CERTIORARI TO 
THE UNITED STATES COURT OF APPEALS FOR 
THE FEDERAL CIRCUIT. Teleflex, Inc. v. KSR Int'l 
Co., 119 Fed. Appx. 282, 2005 U.S. App. LEXIS 176 
(Fed. Cir., 2005) 

DISPOSITION: Reversed and remanded. 
CASE SUMMARY: 



claim was invalid as obvious since mounting an available 
sensor on a fixed pivot point of the competitor's pedal 
was a design step well within the grasp of a person of 
ordinary skill in the relevant art, and the benefit of doing 
so was obvious. The marketplace created a strong incen- 
tive to convert mechanical pedals to electronic pedals, 
and the prior art taught a number of methods for doing 
so. Further, the problem to be solved by the patent claim 
did not limit its application as prior art, the competitor's 
showing that it was obvious to try a combination of ele- 
ments sufficiently supported the finding of obviousness, 
and the claim was the result of ordinary skill and com- 
mon sense rather than innovation. 



PROCEDURAL POSTURE: Respondent, licensees of 
a patent, alleged that petitioner, a competitor, infringed 
the licensees' patent for an accelerator pedal assembly for 
vehicles, but the competitor asserted that the patent claim 
in dispute was invalid as obvious under 35 U.S.C.S. § 
103. Upon the grant of a writ of certiorari, the competitor 
appealed the judgment of the U.S. Court of Appeals for 
the Federal Circuit which reversed a summary judgment 
of patent invalidity. 

OVERVIEW: To satisfy customer needs, the competitor 
modified its design for an adjustable pedal system for 
vehicles with cable-actuated throttles by adding a modu- 
lar sensor to make the system compatible with vehicles 
using computer-controlled throttles. The licensees con- 
tended that the competitor infringed the patent claim of a 
position-adjustable pedal assembly with an electronic 
pedal position sensor attached a fixed pivot point. The 
U.S. Supreme Court unanimously held that the patent 



OUTCOME: The judgment reversing the summary 
judgment of invalidity was reversed, and the case was 
remanded for further proceedings. 



SYLLABUS: To control a conventional automobile's 
speed, the driver depresses or releases the gas pedal, 
which interacts with the throttle via a cable or other me- 
chanical link. Because the pedal's position in the footwell 
normally cannot be adjusted, a driver wishing to be 
closer or farther from it must either reposition himself in 
the seat or move the seat, both of which can be imperfect 
solutions for smaller drivers in cars with deep footwells. 
This prompted inventors to design and patent pedals that 
could be adjusted to change their locations. The Asano 
patent reveals a support structure whereby, when the 
pedal location is [*2] adjusted, one of the pedal's pivot 
points stays fixed. Asano is also designed so that the 
force necessary to depress the pedal is the same regard- 
less of location adjustments. The Redding patent reveals 
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a different, sliding mechanism where both the pedal and 
the pivot point are adjusted. 

In newer cars, computer-controlled throttles do not oper- 
ate through force transferred from the pedal by a me- 
chanical link, but open and close valves in response to 
electronic signals. For the computer to know what is 
happening with the pedal, an electronic sensor must 
translate the mechanical operation into digital data. In- 
ventors had obtained a number of patents for such sen- 
sors. The so-called '936 patent taught that it was prefer- 
able to detect the pedal's position in the pedal mecha- 
nism, not in the engine, so the patent disclosed a pedal 
with an electronic sensor on a pivot point in the pedal 
assembly. The Smith patent taught that to prevent the 
wires connecting the sensor to the computer from chaf- 
ing and wearing out, the sensor should be put on a fixed 
part of the pedal assembly rather than in or on the pedal's 
footpad. Inventors had also patented self-contained 
modular sensors, which can be [*3] taken off the shelf 
and attached to any mechanical pedal to allow it to func- 
tion with a computer-controlled throttle. The '068 patent 
disclosed one such sensor. Chevrolet also manufactured 
trucks using modular sensors attached to the pedal sup- 
port bracket, adjacent to the pedal and engaged with the 
pivot shaft about which the pedal rotates. Other patents 
disclose electronic sensors attached to adjustable pedal 
assemblies. For example, the Rixon patent locates the 
sensor in the pedal footpad, but is known for wire chaf- 
ing. 

After petitioner KSR developed an adjustable pedal sys- 
tem for cars with cable-actuated throttles and obtained its 
'976 patent for the design, General Motors Corporation 
(GMC) chose KSR to supply adjustable pedal systems 
for trucks using computer-controlled throttles. To make 
the '976 pedal compatible with the trucks, KSR added a 
modular sensor to its design. Respondents (Teleflex) 
hold the exclusive license for the Engelgau patent, claim 
4 of which discloses a position-adjustable pedal assem- 
bly with an electronic pedal position sensor attached a 
fixed pivot point. Despite having denied a similar, 
broader claim, the U.S. Patent and Trademark Office 
(PTO) had allowed [*4] claim 4 because it included the 
limitation of a fixed pivot position, which distinguished 
the design from Redding's. Asano was neither included 
among the Engelgau patent's prior art references nor 
mentioned in the patent's prosecution, and the PTO did 
not have before it an adjustable pedal with a fixed pivot 
point. After learning of KSR's design for GMC, Teleflex 
sued for infringement, asserting that KSR's pedal system 
infringed the Engelgau patent's claim 4. KSR countered 
that claim 4 was invalid under § 103 of the Patent Act, 
which forbids issuance of a patent when "the differences 
between the subject matter sought to be patented and the 



prior art are such that the subject matter as a whole 
would have been obvious at the time the invention was 
made to a person having ordinary skill in the art." 

Graham v. John Deere Co. of Kansas City, 383 U.S. 1, 
17-18, 86 S. Ct. 684, 15 L. Ed. 2d 545, set out an objec- 
tive analysis for applying § 103: "The scope and content 
of the prior art are . , . determined; differences between 
the prior art and the claims at issue are . . . ascertained; 
and the level of ordinary skill in the pertinent art re- 
solved. Against this background the obviousness or 
nonobviousness [*5] of the subject matter is determined. 
Such secondary considerations as commercial success, 
long felt but unsolved needs, failure of others, etc., might 
be utilized to give light to the circumstances surrounding 
the origin of the subject matter sought to be patented." 
While the sequence of these questions might be reor- 
dered in any particular case, the factors define the con- 
trolling inquiry. However, seeking to resolve the obvi- 
ousness question with more uniformity and consistency, 
the Federal Circuit has employed a "teaching, sugges- 
tion, or motivation" (TSM) test, under which a patent 
claim is only proved obvious if the prior art, the prob- 
lem's nature, or the knowledge of a person having ordi- 
nary skill in the art reveals some motivation or sugges- 
tion to combine the prior art teachings. 

The District Court granted KSR summary judgment. 
After reviewing pedal design history, the Engelgau pat- 
ent's scope, and the relevant prior art, the court consid- 
ered claim 4's validity, applying Graham's framework to 
determine whether under summary-judgment standards 
KSR had demonstrated that claim 4 was obvious. The 
court found "little difference" between the prior art's 
teachings and claim 4: [*6] Asano taught everything 
contained in the claim except using a sensor to detect the 
pedal's position and transmit it to a computer controlling 
the throttle. That additional aspect was revealed in, e.g., 
the '068 patent and Chevrolet's sensors. The court then 
held that KSR satisfied the TSM test, reasoning (1) the 
state of the industry would lead inevitably to combina- 
tions of electronic sensors and adjustable pedals, (2) 
Rixon provided the basis for these developments, and (3) 
Smith taught a solution to Rixon's chafing problems by 
positioning the sensor on the pedal's fixed structure, 
which could lead to the combination of a pedal like 
Asano with a pedal position sensor. 

Reversing, the Federal Circuit ruled the District Court 
had not applied the TSM test strictly enough, having 
failed to make findings as to the specific understanding 
or principle within a skilled artisan's knowledge that 
would have motivated one with no knowledge of the 
invention to attach an electronic control to the Asano 
assembly's support bracket. The Court of Appeals held 
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that the District Court's recourse to the nature of the 
problem to be solved was insufficient because, unless the 
prior art references [*7] addressed the precise problem 
that the patentee was trying to solve, the problem would 
not motivate an inventor to look at those references. The 
appeals court found that the Asano pedal was designed to 
ensure that the force required to depress the pedal is the 
same no matter how the pedal is adjusted, whereas 
Engelgau sought to provide a simpler, smaller, cheaper 
adjustable electronic pedal. The Rixon pedal, said the 
court, suffered from chafing but was not designed to 
solve that problem and taught nothing helpful to Engel- 
gau's purpose. Smith, in turn, did not relate to adjustable 
pedals and did not necessarily go to the issue of motiva- 
tion to attach the electronic control on the pedal assem- 
bly's support bracket. So interpreted, the court held, the 
patents would not have led a person of ordinary skill to 
put a sensor on an Asano-like pedal. That it might have 
been obvious to try that combination was likewise irrele- 
vant. Finally, the court held that genuine issues of mate- 
rial fact precluded summary judgment. 

Held: The Federal Circuit addressed the obviousness 
question in a narrow, rigid manner that is inconsistent 
with § 103 and this Court's precedents. KSR provided 
convincing [*8] evidence that mounting an available 
sensor on a fixed pivot point of the Asano pedal was a 
design step well within the grasp of a person of ordinary 
skill in the relevant art and that the benefit of doing so 
would be obvious. Its arguments, and the record, demon- 
strate that the Engelgau patent's claim 4 is obvious. Pp. 
11-24. 

1. Graham provided an expansive and flexible approach 
to the obviousness question that is inconsistent with the 
way the Federal Circuit applied its TSM test here. Nei- 
ther § 103's enactment nor Graham's analysis disturbed 
the Court's earlier instructions concerning the need for 
caution in granting a patent based on the combination of 
elements found in the prior art. See Great Atlantic & 
Pacific Tea Co. v. Supermarket Equipment Corp., 340 
U.S. 147, 152, 71 S. Ct. 127, 95 L. Ed. 162, 1951 Dec. 
Comm'r Pat. 572. Such a combination of familiar ele- 
ments according to known methods is likely to be obvi- 
ous when it does no more than yield predictable results. 
See, e.g., United States v. Adams, 383 U.S. 39, 50-52, 86 
S. Ct. 708, 15 L. Ed. 2d 572, 174 Ct. CI. 1293. When a 
work is available in one field, design incentives and 
other market forces can prompt variations of it, either in 
the same field or in another. If a person [*9] of ordinary 
skill in the art can implement a predictable variation, and 
would see the benefit of doing so, § 103 likely bars its 
patentability. Moreover, if a technique has been used to 
improve one device, and a person of ordinary skill in the 
art would recognize that it would improve similar de- 



vices in the same way, using the technique is obvious 
unless its actual application is beyond that person's skill. 
A court must ask whether the improvement is more than 
the predictable use of prior-art elements according to 
their established functions. Following these principles 
may be difficult if the claimed subject matter involves 
more than the simple substitution of one known element 
for another or the mere application of a known technique 
to a piece of prior art ready for the improvement. To de- 
termine whether there was an apparent reason to com- 
bine the known elements in the way a patent claims, it 
will often be necessary to look to interrelated teachings 
of multiple patents; to the effects of demands known to 
the design community or present in the marketplace; and 
to the background knowledge possessed by a person hav- 
ing ordinary skill in the art. To facilitate review, this 
analysis should [*10] be made explicit. But it need not 
seek out precise teachings directed to the challenged 
claim's specific subject matter, for a court can consider 
the inferences and creative steps a person of ordinary 
skill in the art would employ. Pp. 11-14. 

(b) The TSM test captures a helpful insight: A patent 
composed of several elements is not proved obvious 
merely by demonstrating that each element was, inde- 
pendently, known in the prior art. Although common 
sense directs caution as to a patent application claiming 
as innovation the combination of two known devices 
according to their established functions, it can be impor- 
tant to identify a reason that would have prompted a per- 
son of ordinary skill in the art to combine the elements as 
the new invention does. Inventions usually rely upon 
building blocks long since uncovered, and claimed dis- 
coveries almost necessarily will be combinations of 
what, in some sense, is already known. Helpful insights, 
however, need not become rigid and mandatory formu- 
las. If it is so applied, the TSM test is incompatible with 
this Court's precedents. The diversity of inventive pur- 
suits and of modern technology counsels against confin- 
ing the obviousness analysis [*1 1] by a formalistic con- 
ception of the words teaching, suggestion, and motiva- 
tion, or by overemphasizing the importance of published 
articles and the explicit content of issued patents. In 
many fields there may be little discussion of obvious 
techniques or combinations, and market demand, rather 
than scientific literature, may often drive design trends. 
Granting patent protection to advances that would occur 
in the ordinary course without real innovation retards 
progress and may, for patents combining previously 
known elements, deprive prior inventions of their value 
or utility. Since the TSM test was devised, the Federal 
Circuit doubtless has applied it in accord with these prin- 
ciples in many cases. There is no necessary inconsistency 
between the test and the Graham analysis. But a court 
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errs where, as here, it transforms general principle into a 
rigid rule limiting the obviousness inquiry. Pp. 14-15. 

(c) The flaws in the Federal Circuit's analysis relate 
mostly to its narrow conception of the obviousness in- 
quiry consequent in its application of the TSM test. The 
Circuit first erred in holding that courts and patent exam- 
iners should look only to the problem the patentee was 
trying [*12] to solve. Under the correct analysis, any 
need or problem known in the field and addressed by the 
patent can provide a reason for combining the elements 
in the manner claimed. Second, the appeals court erred in 
assuming that a person of ordinary skill in the art at- 
tempting to solve a problem will be led only to those 
prior art elements designed to solve the same problem. 
The court wrongly concluded that because Asano's pri- 
mary purpose was solving the constant ratio problem, an 
inventor considering how to put a sensor on an adjustable 
pedal would have no reason to consider putting it on the 
Asano pedal. It is common sense that familiar items may 
have obvious uses beyond their primary purposes, and a 
person of ordinary skill often will be able to fit the teach- 
ings of multiple patents together like pieces of a puzzle. 
Regardless of Asano's primary purpose, it provided an 
obvious example of an adjustable pedal with a fixed 
pivot point, and the prior art was replete with patents 
indicating that such a point was an ideal mount for a sen- 
sor. Third, the court erred in concluding that a patent 
claim cannot be proved obvious merely by showing that 
the combination of elements was obvious to try. [*13] 
When there is a design need or market pressure to solve a 
problem and there are a finite number of identified, pre- 
dictable solutions, a person of ordinary skill in the art has 
good reason to pursue the known options within his or 
her technical grasp. If this leads to the anticipated suc- 
cess, it is likely the product not of innovation but of or- 
dinary skill and common sense. Finally, the court drew 
the wrong conclusion from the risk of courts and patent 
examiners falling prey to hindsight bias. Rigid preventa- 
tive rules that deny recourse to common sense are neither 
necessary under, nor consistent with, this Court's case 
law. Pp. 15-18. 

2. Application of the foregoing standards demonstrates 
that claim 4 is obvious. Pp. 18-23. 

(a) The Court rejects Teleflex's argument that the Asano 
pivot mechanism's design prevents its combination with 
a sensor in the manner claim 4 describes. This argument 
was not raised before the District Court, and it is unclear 
whether it was raised before the Federal Circuit. Given 
the significance of the District Court's finding that com- 
bining Asano with a pivot-mounted pedal position sensor 
fell within claim 4's scope, it is apparent that Teleflex 
would [*14] have made clearer challenges if it intended 



to preserve this claim. Its failure to clearly raise the ar- 
gument, and the appeals court's silence on the issue, lead 
this Court to accept the District Court's conclusion. Pp. 
18-20. 

(b) The District Court correctly concluded that when 
Engelgau designed the claim 4 subject matter, it was 
obvious to a person of ordinaiy skill in the art to combine 
Asano with a pivot-mounted pedal position sensor. There 
then was a marketplace creating a strong incentive to 
convert mechanical pedals to electronic pedals, and the 
prior art taught a number of methods for doing so. The 
Federal Circuit considered the issue too narrowly by, in 
effect, asking whether a pedal designer writing on a 
blank slate would have chosen both Asano and a modular 
sensor similar to the ones used in the Chevrolet trucks 
and disclosed in the '068 patent. The proper question was 
whether a pedal designer of ordinary skill in the art, fac- 
ing the wide range of needs created by developments in 
the field, would have seen an obvious benefit to upgrad- 
ing Asano with a sensor. For such a designer starting 
with Asano, the question was where to attach the sensor. 
The '936 patent taught [*15] the utility of putting the 
sensor on the pedal device. Smith, in turn, explained not 
to put the sensor on the pedal footpad, but instead on the 
structure. And from Rixon's known wire-chafing prob- 
lems, and Smith's teaching that the pedal assemblies 
must not precipitate any motion in the connecting wires, 
the designer would know to place the sensor on a non- 
moving part of the pedal structure. The most obvious 
such point is a pivot point. The designer, accordingly, 
would follow Smith in mounting the sensor there. Just as 
it was possible to begin with the objective to upgrade 
Asano to work with a computer-controlled throttle, so 
too was it possible to take an adjustable electronic pedal 
like Rixon and seek an improvement that would avoid 
the wire-chafing problem. Teleflex has not shown any- 
thing in the prior art that taught away from the use of 
Asano, nor any secondary factors to dislodge the deter- 
mination that claim 4 is obvious. Pp. 20-23. 

3. The Court disagrees with the Federal Circuit's holding 
that genuine issues of material fact precluded summary 
judgment. The ultimate judgment of obviousness is a 
legal determination. Graham, 383 U.S., at 17, 86 S. Ct. 
684, 15 L. Ed. 2d 545. Where, as here, the [*16] prior 
art's content, the patent claim's scope, and the level of 
ordinary skill in the art are not in material dispute and the 
claim's obviousness is apparent, summary judgment is 
appropriate. P. 23. 

119 Fed. Appx. 282, reversed and remanded. 

JUDGES: KENNEDY, J., delivered the opinion for a 
unanimous Court. 
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OPINION BY: KENNEDY 
OPINION: 

JUSTICE KENNEDY delivered the opinion of the 
Court. 

Teleflex Incorporated and its subsidiary Technology 
Holding Company -- both referred to here as Teleflex -- 
sued KSR International Company for patent infringe- 
ment. The patent at issue, United States Patent No. 
6,237,565 Bl, is entitled "Adjustable Pedal Assembly 
With Electronic Throttle Control." Supplemental App. 1. 
The patentee is Steven J. Engelgau, and the patent is re- 
ferred to as "the Engelgau patent." Teleflex holds the 
exclusive license to the patent. 

Claim 4 of the Engelgau patent describes a mecha- 
nism for combining an electronic sensor with an adjust- 
able automobile pedal so the pedal's position can be 
transmitted to a computer that controls the throttle in the 
vehicle's engine. When Teleflex accused KSR of infring- 
ing the Engelgau patent by adding an electronic sensor to 
one of KSR's previously [*17] designed pedals, KSR 
countered that claim 4 was invalid under the Patent Act, 
35 U.S.C, § 103, because its subject matter was obvious. 

Section 103 forbids issuance of a patent when "the 
differences between the subject matter sought to be pat- 
ented and the prior art are such that the subject matter as 
a whole would have been obvious at the time the inven- 
tion was made to a person having ordinary skill in the art 
to which said subject matter pertains." 

In Graham v. John Deere Co. of Kansas City, 383 
U.S. 1, 86 S. Ct. 684, 15 L. Ed. 2d 545 (1966), the Court 
set out a framework for applying the statutory language 
of § 103, language itself based on the logic of the earlier 
decision in Hotchkiss v. Greenwood, 52 U.S. 248, 11 
How. 248, 13 L. Ed. 683 (1851), and its progeny. See 
383 U.S., at 15-17, 86 S. Ct. 684, 15 L. Ed. 2d 545. The 
analysis is objective: 



"Under § 103, the scope and content of 
the prior art are to be determined; differ- 
ences between the prior art and the claims 
at issue are to be ascertained; and the 
level of ordinary skill in the pertinent art 
resolved. Against this background the ob- 
viousness or nonobviousness of the sub- 
ject matter is determined. Such secondary 
considerations [*18] as commercial suc- 
cess, long felt but unsolved needs, failure 
of others, etc., might be utilized to give 
light to the circumstances surrounding the 
origin of the subject matter sought to be 



patented." Id, at 17-18, 86 S. Ct. 684, 15 
L. Ed. 2d 545. 



While the sequence of these questions might be reor- 
dered in any particular case, the factors continue to de- 
fine the inquiry that controls. If a court, or patent exam- 
iner, conducts this analysis and concludes the claimed 
subject matter was obvious, the claim is invalid under § 
103. 

Seeking to resolve the question of obviousness with 
more uniformity and consistency, the Court of Appeals 
for the Federal Circuit has employed an approach re- 
ferred to by the parties as the "teaching, suggestion, or 
motivation" test (TSM test), under which a patent claim 
is only proved obvious if "some motivation or suggestion 
to combine the prior art teachings" can be found in the 
prior art, the nature of the problem, or the knowledge of 
a person having ordinary skill in the art. See, e.g., Al-Site 
Corp. v. VSllnt'l Inc., 174 F.3d 1308, 1323-1324 (CA 
Fed. 1999). KSR challenges that test, or at least its appli- 
cation in this case. See 119 Fed. Appx. 282, 286-290 
(CA Fed. 2005). [*19] Because the Court of Appeals 
addressed the question of obviousness in a manner con- 
trary to § 103 and our precedents, we granted certiorari, 
547 U.S. , 126 S. Ct. 2965, 165 L. Ed. 2d 949 (2006). 
We now reverse. 

I 

A 

In car engines without computer-controlled throttles, 
the accelerator pedal interacts with the throttle via cable 
or other mechanical link. The pedal arm acts as a lever 
rotating around a pivot point. In a cable-actuated throttle 
control the rotation caused by pushing down the pedal 
pulls a cable, which in turn pulls open valves in the car- 
buretor or fuel injection unit. The wider the valves open, 
the more fuel and air are released, causing combustion to 
increase and the car to accelerate. When the driver takes 
his foot off the pedal, the opposite occurs as the cable is 
released and the valves slide closed. 

In the 1990's it became more common to install 
computers in cars to control engine operation. Computer- 
controlled throttles open and close valves in response to 
electronic signals, not through force transferred from the 
pedal by a mechanical link. Constant, delicate adjust- 
ments of air and fuel mixture are possible. The com- 
puter's rapid processing of factors beyond the pedal's 
position improves [*20] fuel efficiency and engine per- 
formance. 

For a computer-controlled throttle to respond to a 
driver's operation of the car, the computer must know 
what is happening with the pedal. A cable or mechanical 
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link does not suffice for this purpose; at some point, an 
electronic sensor is necessary to translate the mechanical 
operation into digital data the computer can understand. 

Before discussing sensors further we turn to the me- 
chanical design of the pedal itself. In the traditional de- 
sign a pedal can be pushed down or released but cannot 
have its position in the footwell adjusted by sliding the 
pedal forward or back. As a result, a driver who wishes 
to be closer or farther from the pedal must either reposi- 
tion himself in the driver's seat or move the seat in some 
way. In cars with deep footwells these are imperfect so- 
lutions for drivers of smaller stature. To solve the prob- 
lem, inventors, beginning in the 1970's, designed pedals 
that could be adjusted to change their location in the 
footwell. Important for this case are two adjustable ped- 
als disclosed in U.S. Patent Nos. 5,010,782 (filed July 
28, 1989) (Asano) and 5,460,061 (filed Sept. 17, 1993) 
(Redding). The Asano patent reveals a [*21] support 
structure that houses the pedal so that even when the 
pedal location is adjusted relative to the driver, one of the 
pedal's pivot points stays fixed. The pedal is also de- 
signed so that the force necessary to push the pedal down 
is the same regardless of adjustments to its location. The 
Redding patent reveals a different, sliding mechanism 
where both the pedal and the pivot point are adjusted. 

We return to sensors. Well before Engelgau applied 
for his challenged patent, some inventors had obtained 
patents involving electronic pedal sensors for computer- 
controlled throttles. These inventions, such as the device 
disclosed in U.S. Patent No. 5,241,936 (filed Sept. 9, 
1991) ('936), taught that it was preferable to detect the 
pedal's position in the pedal assembly, not in the engine. 
The '936 patent disclosed a pedal with an electronic sen- 
sor on a pivot point in the pedal assembly. U.S. Patent 
No. 5,063,81 1 (filed July 9, 1990) (Smith) taught that to 
prevent the wires connecting the sensor to the computer 
from chafing and wearing out, and to avoid grime and 
damage from the driver's foot, the sensor should be put 
on a fixed part of the pedal assembly rather than in or on 
the pedal's [*22] footpad. 

In addition to patents for pedals with integrated sen- 
sors inventors obtained patents for self-contained modu- 
lar sensors. A modular sensor is designed independently 
of a given pedal so that it can be taken off the shelf and 
attached to mechanical pedals of various sorts, enabling 
the pedals to be used in automobiles with computer- 
controlled throttles. One such sensor was disclosed in 
U.S. Patent No. 5,385,068 (filed Dec. 18, 1992) ('068). In 
1994, Chevrolet manufactured a line of trucks using 
modular sensors "attached to the pedal support bracket, 
adjacent to the pedal and engaged with the pivot shaft 
about which the pedal rotates in operation." 298 F. Supp. 
2d 581, 589 (ED Mich. 2003). 



The prior art contained patents involving the place- 
ment of sensors on adjustable pedals as well. For exam- 
ple, U.S. Patent No. 5,819,593 (filed Aug. 17, 1995) 
(Rixon) discloses an adjustable pedal assembly with an 
electronic sensor for detecting the pedal's position. In the 
Rixon pedal the sensor is located in the pedal footpad. 
The Rixon pedal was known to suffer from wire chafing 
when the pedal was depressed and released. 

This short account of pedal and sensor technology 
leads [*23] to the instant case. 

B 

KSR, a Canadian company, manufactures and sup- 
plies auto parts, including pedal systems. Ford Motor 
Company hired KSR in 1998 to supply an adjustable 
pedal system for various lines of automobiles with cable- 
actuated throttle controls. KSR developed an adjustable 
mechanical pedal for Ford and obtained U.S. Patent No. 
6,151,976 (filed July 16, 1999) ('976) for the design. In 
2000, KSR was chosen by General Motors Corporation 
(GMC or GM) to supply adjustable pedal systems for 
Chevrolet and GMC light trucks that used engines with 
computer-controlled throttles. To make the '976 pedal 
compatible with the trucks, KSR merely took that design 
and added a modular sensor. 

Teleflex is a rival to KSR in the design and manu- 
facture of adjustable pedals. As noted, it is the exclusive 
licensee of the Engelgau patent. Engelgau filed the patent 
application on August 22, 2000 as a continuation of a 
previous application for U.S. Patent No. 6,109,241, 
which was filed on January 26, 1999. He has sworn he 
invented the patent's subject matter on February 14, 
1998, The Engelgau patent discloses an adjustable elec- 
tronic pedal described in the specification as a "simpli- 
fied vehicle control [*24] pedal assembly that is less 
expensive, and which uses fewer parts and is easier to 
package within the vehicle." Engelgau, col. 2, lines 2-5, 
Supplemental App. 6. Claim 4 of the patent, at issue 
here, describes: 

"A vehicle control pedal apparatus comprising: 

a support adapted to be mounted to a ve- 
hicle structure; 

an adjustable pedal assembly having a 
pedal arm moveable in fore and aft direc- 
tions with respect to said support; 

a pivot for pivotally supporting said ad- 
justable pedal assembly with respect to 
said support and defining a pivot axis; and 
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an electronic control attached to said sup- 
port for controlling a vehicle system; 

said apparatus characterized by said elec- 
tronic control being responsive to said 
pivot for providing a signal that corre- 
sponds to pedal arm position as said pedal 
arm pivots about said pivot axis between 
rest and applied positions wherein the po- 
sition of said pivot remains constant while 
said pedal arm moves in fore and aft di- 
rections with respect to said pivot." Id, 
col. 6, lines 17-36, Supplemental App. 8 
(diagram numbers omitted). 



We agree with the District Court that the claim discloses 
"a position-adjustable pedal [*25] assembly with an 
electronic pedal position sensor attached to the support 
member of the pedal assembly. Attaching the sensor to 
the support member allows the sensor to remain in a 
fixed position while the driver adjusts the pedal." 298 F. 
Supp. 2d, at 586-587. 

Before issuing the Engelgau patent the U.S. Patent 
and Trademark Office (PTO) rejected one of the patent 
claims that was similar to, but broader than, the present 
claim 4. The claim did not include the requirement that 
the sensor be placed on a fixed pivot point. The PTO 
concluded the claim was an obvious combination of the 
prior art disclosed in Redding and Smith, explaining: 

"'Since the prior art references are from 
the field of endeavor, the purpose dis- 
closed . . . would have been recognized in 
the pertinent art of Redding. Therefore it 
would have been obvious ... to provide 
the device of Redding with the . . . means 
attached to a support member as taught by 
Smith.'" Id, at 595. 

In other words Redding provided an example of an 
adjustable pedal and Smith explained how to mount a 
sensor on a pedal's support structure, and the rejected 
patent claim merely put these two teachings together. 
[*26] 

Although the broader claim was rejected, claim 4 
was later allowed because it included the limitation of a 
fixed pivot point, which distinguished the design from 
Redding's. Ibid, Engelgau had not included Asano among 
the prior art references, and Asano was not mentioned in 
the patent's prosecution. Thus, the PTO did not have be- 
fore it an adjustable pedal with a fixed pivot point. The 
patent issued on May 29, 2001 and was assigned to Tele- 
flex. 



Upon learning of KSR's design for GM, Teleflex 
sent a warning letter informing KSR that its proposal 
would violate the Engelgau patent. "Teleflex believes 
that any supplier of a product that combines an adjust- 
able pedal with an electronic throttle control necessarily 
employs technology covered by one or more'" of Tele- 
flex's patents. Id, at 585. KSR refused to enter a royalty 
arrangement with Teleflex; so Teleflex sued for in- 
fringement, asserting KSR's pedal infringed the Engelgau 
patent and two other patents. Ibid. Teleflex later aban- 
doned its claims regarding the other patents and dedi- 
cated the patents to the public. The remaining contention 
was that KSR's pedal system for GM infringed claim 4 of 
the Engelgau patent. [*27] Teleflex has not argued that 
the other three claims of the patent are infringed by 
KSR's pedal, nor has Teleflex argued that the mechanical 
adjustable pedal designed by KSR for Ford infringed any 
of its patents. 

C 

The District Court granted summary judgment in 
KSR's favor. After reviewing the pertinent history of 
pedal design, the scope of the Engelgau patent, and the 
relevant prior art, the court considered the validity of the 
contested claim. By direction of 35 U.S.C. § 282, an is- 
sued patent is presumed valid. The District Court applied 
Graham's framework to determine whether under sum- 
mary-judgment standards KSR had overcome the pre- 
sumption and demonstrated that claim 4 was obvious in 
light of the prior art in existence when the claimed sub- 
ject matter was invented. See § 102(a). 

The District Court determined, in light of the expert 
testimony and the parties* stipulations, that the level of 
ordinary skill in pedal design was '"an undergraduate 
degree in mechanical engineering (or an equivalent 
amount of industry experience) [and] familiarity with 
pedal control systems for vehicles."* 298 F. Supp. 2d, at 
590. The court then set forth the [*28] relevant prior art, 
including the patents and pedal designs described above. 

Following Graham's direction, the court compared 
the teachings of the prior art to the claims of Engelgau. It 
found "little difference." 298 F. Supp. 2d, at 590. Asano 
taught everything contained in claim 4 except the use of 
a sensor to detect the pedal's position and transmit it to 
the computer controlling the throttle. That additional 
aspect was revealed in sources such as the '068 patent 
and the sensors used by Chevrolet. 

Under the controlling cases from the Court of Ap- 
peals for the Federal Circuit, however, the District Court 
was not permitted to stop there. The court was required 
also to apply the TSM test. The District Court held KSR 
had satisfied the test. It reasoned (1) the state of the in- 
dustry would lead inevitably to combinations of elec- 
tronic sensors and adjustable pedals, (2) Rixon provided 
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the basis for these developments, and (3) Smith taught a 
solution to the wire chafing problems in Rixon, namely 
locating the sensor on the fixed structure of the pedal. 
This could lead to the combination of Asano, or a pedal 
like it, with a pedal position sensor. 

The conclusion that the [*29] Engelgau design was 
obvious was supported, in the District Court's view, by 
the PTO's rejection of the broader version of claim 4. 
Had Engelgau included Asano in his patent application, 
it reasoned, the PTO would have found claim 4 to be an 
obvious combination of Asano and Smith, as it had 
found the broader version an obvious combination of 
Redding and Smith. As a final matter, the District Court 
held that the secondary factor of Teleflex's commercial 
success with pedals based on Engelgau's design did not 
alter its conclusion. The District Court granted summary 
judgment for KSR. 

With principal reliance on the TSM test, the Court of 
Appeals reversed. It ruled the District Court had not been 
strict enough in applying the test, having failed to make 
'"findings as to the specific understanding or principle 
within the knowledge of a skilled artisan that would have 
motivated one with no knowledge of [the] invention' . . . 
to attach an electronic control to the support bracket of 
the Asano assembly." 119 Fed. Appx., at 288 (brackets 
in original) (quoting In re Kotzab, 217 F.3d 1365, 1371 
(CA Fed. 2000)). The Court of Appeals held that the 
District Court was [*30] incorrect that the nature of the 
problem to be solved satisfied this requirement because 
unless the "prior art references addressed the precise 
problem that the patentee was trying to solve," the prob- 
lem would not motivate an inventor to look at those ref- 
erences. 1 19 Fed. Appx., at 288. 

Here, the Court of Appeals found, the Asano pedal 
was designed to solve the "'constant ratio problem"' - 
that is, to ensure that the force required to depress the 
pedal is the same no matter how the pedal is adjusted — 
whereas Engelgau sought to provide a simpler, smaller, 
cheaper adjustable electronic pedal. Ibid. As for Rixon, 
the court explained, that pedal suffered from the problem 
of wire chafing but was not designed to solve it. In the 
court's view Rixon did not teach anything helpful to 
Engelgau's purpose. Smith, in turn, did not relate to ad- 
justable pedals and did not "necessarily go to the issue of 
motivation to attach the electronic control on the support 
bracket of the pedal assembly." Ibid When the patents 
were interpreted in this way, the Court of Appeals held, 
they would not have led a person of ordinary skill to put 
a sensor on the sort of pedal described in Asano. [*3 1 ] 

That it might have been obvious to try the combina- 
tion of Asano and a sensor was likewise irrelevant, in the 
court's view, because obvious to try" has long been 



held not to constitute obviousness.*" Id, at 289 (quoting 
In re Deuel, 51 F.3d 1552, 1559 (CA Fed. 1995)). 

The Court of Appeals also faulted the District 
Court's consideration of the PTO's rejection of the 
broader version of claim 4. The District Court's role, the 
Court of Appeals explained, was not to speculate regard- 
ing what the PTO might have done had the Engelgau 
patent mentioned Asano. Rather, the court held, the Dis- 
trict Court was obliged first to presume that the issued 
patent was valid and then to render its own independent 
judgment of obviousness based on a review of the prior 
art. The fact that the PTO had rejected the broader ver- 
sion of claim 4, the Court of Appeals said, had no place 
in that analysis. 

The Court of Appeals further held that genuine is- 
sues of material fact precluded summary judgment. Tele- 
flex had proffered statements from one expert that claim 
4 '"was a simple, elegant, and novel combination of fea- 
tures,"' 119 Fed. Appx., at 290, compared to Rixon, 
[*32] and from another expert that claim 4 was nonob- 
vious because, unlike in Rixon, the sensor was mounted 
on the support bracket rather than the pedal itself. This 
evidence, the court concluded, sufficed to require a trial. 

II 

A 

We begin by rejecting the rigid approach of the 
Court of Appeals. Throughout this Court's engagement 
with the question of obviousness, our cases have set forth 
an expansive and flexible approach inconsistent with the 
way the Court of Appeals applied its TSM test here. To 
be sure, Graham recognized the need for "uniformity and 
definiteness." 383 U.S., at 18, 86 S. Ct. 684, 15 L. Ed. 2d 
545. Yet the principles laid down in Graham reaffirmed 
the "functional approach" of Hotchkiss, 52 U.S. 248, 1 1 
How. 248, 13 L. Ed. 683. See 383 U.S., at 12, 86 S. Ct. 
684, 15 L. Ed. 2d 545. To this end, Graham set forth a 
broad inquiry and invited courts, where appropriate, to 
look at any secondary considerations that would prove 
instructive. Id, at 17, 86 S. Ct. 684, 15 L. Ed. 2d 545. 

Neither the enactment of § 103 nor the analysis in 
Graham disturbed this Court's earlier instructions con- 
cerning the need for caution in granting a patent based on 
the combination of elements found in the prior art For 
over a half century, [*33] the Court has held that a "pat- 
ent for a combination which only unites old elements 
with no change in their respective functions . . . obvi- 
ously withdraws what is already known into the field of 
its monopoly and diminishes the resources available to 
skillful men." Great Atlantic & Pacific Tea Co. v. Su- 
permarket Equipment Corp., 340 U.S. 147, 152, 71 S. Ct. 
127, 95 L. Ed. 162, 1951 Dec. Comm'r Pat. 572 (1950). 
This is a principal reason for declining to allow patents 
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for what is obvious. The combination of familiar ele- 
ments according to known methods is likely to be obvi- 
ous when it does no more than yield predictable results. 
Three cases decided after Graham illustrate the applica- 
tion of this doctrine. 

In United States v. Adams, 383 U.S. 39, 40, 86 S. Ct. 
708, 15 L. Ed. 2d 572, 174 Ct. CI. 1293 (1966), a com- 
panion case to Graham, the Court considered the obvi- 
ousness of a "wet battery" that varied from prior designs 
in two ways: It contained water, rather than the acids 
conventionally employed in storage batteries; and its 
electrodes were magnesium and cuprous chloride, rather 
than zinc and silver chloride. The Court recognized that 
when a patent claims a structure already known in the 
prior art that is altered by the mere substitution of one 
[*34] element for another known in the field, the combi- 
nation must do more than yield a predictable result. 383 
U.S., at 50-51, 86 S. Ct. 708, 15 L. Ed. 2d 572, 174 Ct. 
CI. 1293. It nevertheless rejected the Government's claim 
that Adams's battery was obvious. The Court relied upon 
the corollary principle that when the prior art teaches 
away from combining certain known elements, discovery 
of a successful means of combining them is more likely 
to be nonobvious. Id, at 51-52, 86 S. Ct. 708, 15 L. Ed. 
2d 572, 174 Ct. CI. 1293. When Adams designed his 
battery, the prior art warned that risks were involved in 
using the types of electrodes he employed. The fact that 
the elements worked together in an unexpected and fruit- 
ful manner supported the conclusion that Adams's design 
was not obvious to those skilled in the art. 

In Anderson 's-Black Rock, Inc. v. Pavement Salvage 
Co., 396 U.S. 57, 90 S. Ct. 305, 24 L. Ed. 2d 258 (1969), 
the Court elaborated on this approach. The subject matter 
of the patent before the Court was a device combining 
two pre-existing elements: a radiant-heat burner and a 
paving machine. The device, the Court concluded, did 
not create some new synergy: The radiant-heat burner 
functioned just as a burner was expected to function; and 
the paving machine did [*35] the same. The two in 
combination did no more than they would in separate, 
sequential operation. Id, at 60-62, 90 S. Ct. 305, 24 L. 
Ed. 2d 258. In those circumstances, "while the combina- 
tion of old elements performed a useful function, it 
added nothing to the nature and quality of the radiant- 
heat burner already patented," and the patent failed under 
§ 103. Id, at 62, 90 S. Ct. 305, 24 L. Ed. 2d 258 (foot- 
note omitted). 

Finally, in Sakraida v. AG Pro, Inc., 425 U.S. 273, 
96 S. Ct. 1532, 47 L. Ed. 2d 784 (1976), the Court de- 
rived from the precedents the conclusion that when a 
patent "simply arranges old elements with each perform- 
ing the same function it had been known to perform" and 
yields no more than one would expect from such an ar- 



rangement, the combination is obvious. Id., at 282, 96 S. 
Ct. 1532,47 L.Ed. 2d 784. 

The principles underlying these cases are instructive 
when the question is whether a patent claiming the com- 
bination of elements of prior art is obvious. When a work 
is available in one field of endeavor, design incentives 
and other market forces can prompt variations of it, ei- 
ther in the same field or a different one. If a person of 
ordinary skill can implement a predictable variation, § 
103 likely bars its patentability. For [*36] the same rea- 
son, if a technique has been used to improve one device, 
and a person of ordinary skill in the art would recognize 
that it would improve similar devices in the same way, 
using the technique is obvious unless its actual applica- 
tion is beyond his or her skill. Sakraida and Anderson's- 
Black Rock are illustrative - a court must ask whether 
the improvement is more than the predictable use of prior 
art elements according to their established functions. 

Following these principles may be more difficult in 
other cases than it is here because the claimed subject 
matter may involve more than the simple substitution of 
one known element for another or the mere application 
of a known technique to a piece of prior art ready for the 
improvement. Often, it will be necessary for a court to 
look to interrelated teachings of multiple patents; the 
effects of demands known to the design community or 
present in the marketplace; and the background knowl- 
edge possessed by a person having ordinary skill in the 
art, all in order to determine whether there was an appar- 
ent reason to combine the known elements in the fashion 
claimed by the patent at issue. To facilitate review, this 
analysis [*37] should be made explicit. See In re Kahn, 
441 F.3d 977, 988 (CA Fed. 2006) ("Rejections on obvi- 
ousness grounds cannot be sustained by mere conclusory 
statements; instead, there must be some articulated rea- 
soning with some rational underpinning to support the 
legal conclusion of obviousness"). As our precedents 
make clear, however, the analysis need not seek out pre- 
cise teachings directed to the specific subject matter of 
the challenged claim, for a court can take account of the 
inferences and creative steps that a person of ordinary 
skill in the art would employ. 

B 

When it first established the requirement of demon- 
strating a teaching, suggestion, or motivation to combine 
known elements in order to show that the combination is 
obvious, the Court of Customs and Patent Appeals cap- 
tured a helpful insight. See Application of Bergel, 292 
F.2d 955, 956-957, 48 C.C.P.A. 1102, 1961 Dec. Com- 
m'r Pat. 504 (1961). As is clear from cases such as Ad- 
ams, a patent composed of several elements is not proved 
obvious merely by demonstrating that each of its ele- 
ments was, independently, known in the prior art. Al- 



127 S. Ct. 1727; 2007 U.S. LEXIS 4745, *; 
75 U.S.L.W. 4289 



Page 10 



though common sense directs one to look with care at a 
patent application that claims as innovation [*38] the 
combination of two known devices according to their 
established functions, it can be important to identify a 
reason that would have prompted a person of ordinary 
skill in the relevant field to combine the elements in the 
way the claimed new invention does. This is so because 
inventions in most, if not all, instances rely upon build- 
ing blocks long since uncovered, and claimed discoveries 
almost of necessity will be combinations of what, in 
some sense, is already known. 

Helpful insights, however, need not become rigid 
and mandatory formulas; and when it is so applied, the 
TSM test is incompatible with our precedents. The obvi- 
ousness analysis cannot be confined by a formalistic 
conception of the words teaching, suggestion, and moti- 
vation, or by overemphasis on the importance of pub- 
lished articles and the explicit content of issued patents. 
The diversity of inventive pursuits and of modern tech- 
nology counsels against limiting the analysis in this way. 
In many fields it may be that there is little discussion of 
obvious techniques or combinations, and it often may be 
the case that market demand, rather than scientific litera- 
ture, will drive design trends. Granting patent protection 
[*39] to advances that would occur in the ordinary 
course without real innovation retards progress and may, 
in the case of patents combining previously known ele- 
ments, deprive prior inventions of their value or utility. 

In the years since the Court of Customs and Patent 
Appeals set forth the essence of the TSM test, the Court 
of Appeals no doubt has applied the test in accord with 
these principles in many cases. There is no necessary 
inconsistency between the idea underlying the TSM test 
and the Graham analysis. But when a court transforms 
the general principle into a rigid rule that limits the obvi- 
ousness inquiry, as the Court of Appeals did here, it errs. 

C 

The flaws in the analysis of the Court of Appeals re- 
late for the most part to the court's narrow conception of 
the obviousness inquiry reflected in its application of the 
TSM test. In determining whether the subject matter of a 
patent claim is obvious, neither the particular motivation 
nor the avowed purpose of the patentee controls. What 
matters is the objective reach of the claim. If the claim 
extends to what is obvious, it is invalid under § 103. One 
of the ways in which a patent's subject matter can be 
proved obvious is [*40] by noting that there existed at 
the time of invention a known problem for which there 
was an obvious solution encompassed by the patent's 
claims. 

The first error of the Court of Appeals in this case 
was to foreclose this reasoning by holding that courts and 
patent examiners should look only to the problem the 



patentee was trying to solve. 1 19 Fed. Appx., at 288. The 
Court of Appeals failed to recognize that the problem 
motivating the patentee may be only one of many ad- 
dressed by the patent's subject matter. The question is not 
whether the combination was obvious to the patentee but 
whether the combination was obvious to a person with 
ordinary skill in the art. Under the correct analysis, any 
need or problem known in the field of endeavor at the 
time of invention and addressed by the patent can pro- 
vide a reason for combining the elements in the manner 
claimed. 

The second error of the Court of Appeals lay in its 
assumption that a person of ordinary skill attempting to 
solve a problem will be led only to those elements of 
prior art designed to solve the same problem. Ibid. The 
primary purpose of Asano was solving the constant ratio 
problem; so, the court concluded, [*41] an inventor 
considering how to put a sensor on an adjustable pedal 
would have no reason to consider putting it on the Asano 
pedal. Ibid. Common sense teaches, however, that famil- 
iar items may have obvious uses beyond their primary 
purposes, and in many cases a person of ordinary skill 
will be able to fit the teachings of multiple patents to- 
gether like pieces of a puzzle. Regardless of Asano's 
primary purpose, the design provided an obvious exam- 
ple of an adjustable pedal with a fixed pivot point; and 
the prior art was replete with patents indicating that a 
fixed pivot point was an ideal mount for a sensor. The 
idea that a designer hoping to make an adjustable elec- 
tronic pedal would ignore Asano because Asano was 
designed to solve the constant ratio problem makes little 
sense. A person of ordinary skill is also a person of ordi- 
nary creativity, not an automaton. 

The same constricted analysis led the Court of Ap- 
peals to conclude, in error, that a patent claim cannot be 
proved obvious merely by showing that the combination 
of elements was "obvious to try." Id, at 289 (internal 
quotation marks omitted). When there is a design need or 
market pressure to solve a problem [*42] and there are a 
finite number of identified, predictable solutions, a per- 
son of ordinary skill has good reason to pursue the 
known options within his or her technical grasp. If this 
leads to the anticipated success, it is likely the product 
not of innovation but of ordinary skill and common 
sense. In that instance the fact that a combination was 
obvious to try might show that it was obvious under § 
103. 

The Court of Appeals, finally, drew the wrong con- 
clusion from the risk of courts and patent examiners fal- 
ling prey to hindsight bias. A factfinder should be aware, 
of course, of the distortion caused by hindsight bias and 
must be cautious of arguments reliant upon ex post rea- 
soning. See Graham, 383 U.S., at 36, 86 S. Ct. 684, 15 
L. Ed. 2d 545 (warning against a "temptation to read into 
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the prior art the teachings of the invention in issue" and 
instructing courts to "'guard against slipping into the use 
of hindsight'" (quoting Monroe Auto Equipment Co, v. 
Heckethorn Mfg. & Supply Co., 332 F.2d 406, 412 (CA6 
1964))). Rigid preventative rules that deny factfinders 
recourse to common sense, however, are neither neces- 
sary under our case law nor consistent with it. 

We note the [*43] Court of Appeals has since 
elaborated a broader conception of the TSM test than 
was applied in the instant matter. See, e.g., DyStar Tex- 
tilfarben GmbH & Co, Deutschland KG v. C. H. Patrick 
Co., 464 F.3d 1356, 1367 (2006) ("Our suggestion test is 
in actuality quite flexible and not only permits, but re- 
quires, consideration of common knowledge and com- 
mon sense"); Aha Corp. v. Mylan Labs., Inc., 464 F.3d 
1286, 1291 (2006) ("There is flexibility in our obvious- 
ness jurisprudence because a motivation may be found 
implicitly in the prior art. We do not have a rigid test that 
requires an actual teaching to combine . . ."). Those deci- 
sions, of course, are not now before us and do not correct 
the errors of law made by the Court of Appeals in this 
case. The extent to which they may describe an analysis 
more consistent with our earlier precedents and our deci- 
sion here is a matter for the Court of Appeals to consider 
in its future cases. What we hold is that the fundamental 
misunderstandings identified above led the Court of Ap- 
peals in this case to apply a test inconsistent with our 
patent law decisions. 

Ill 

When we apply the standards we have [*44] ex- 
plained to the instant facts, claim 4 must be found obvi- 
ous. We agree with and adopt the District Court's recita- 
tion of the relevant prior art and its determination of the 
level of ordinary skill in the field. As did the District 
Court, we see little difference between the teachings of 
Asano and Smith and the adjustable electronic pedal dis- 
closed in claim 4 of the Engelgau patent. A person hav- 
ing ordinary skill in the art could have combined Asano 
with a pedal position sensor in a fashion encompassed by 
claim 4, and would have seen the benefits of doing so. 

A 

Teleflex argues in passing that the Asano pedal can- 
not be combined with a sensor in the manner described 
by claim 4 because of the design of Asano's pivot 
mechanisms. See Brief for Respondents 48-49, and n. 17. 
Therefore, Teleflex reasons, even if adding a sensor to 
Asano was obvious, that does not establish that claim 4 
encompasses obvious subject matter. This argument was 
not, however, raised before the District Court. There 
Teleflex was content to assert only that the problem mo- 
tivating the invention claimed by the Engelgau patent 
would not lead to the solution of combining of Asano 
with a sensor. See Teleflex's Response [*45] to KSR's 



Motion for Summary Judgment of Invalidity in No. 02- 
74586 (ED Mich.), pp. 18-20, App. 144a- 1 46a. It is also 
unclear whether the current argument was raised before 
the Court of Appeals, where Teleflex advanced the non- 
specific, conclusory contention that combining Asano 
with a sensor would not satisfy the limitations of claim 4. 
See Brief for Plaintiffs- Appellants in No. 04-1152 (CA 
Fed.), pp. 42-44. Teleflex's own expert declarations, 
moreover, do not support the point Teleflex now raises. 
See Declaration of Clark J. Radcliffe, Ph.D., Supplemen- 
tal App. 204-207; Declaration of Timothy L. Andresen, 
id, at 208-210. The only statement in either declaration 
that might bear on the argument is found in the Radcliffe 
declaration: 



Asano . . . and Rixon ... are complex me- 
chanical linkage-based devices that are 
expensive to produce and assemble and 
difficult to package. It is exactly these dif- 
ficulties with prior art designs that 
[Engelgau] resolves. The use of an adjust- 
able pedal with a single pivot reflecting 
pedal position combined with an elec- 
tronic control mounted between the sup- 
port and the adjustment assembly at that 
pivot was a simple, elegant, and novel 
combination [*46] of features in the 
Engelgau '565 patent." Id, at 206, P16. 



Read in the context of the declaration as a whole this is 
best interpreted to mean that Asano could not be used to 
solve "the problem addressed by Engelgau '565[:] to pro- 
vide a less expensive, more quickly assembled, and 
smaller package adjustable pedal assembly with elec- 
tronic control." Id, at 205, P10. 

The District Court found that combining Asano with 
a pivot-mounted pedal position sensor fell within the 
scope of claim 4. 298 F. Supp. 2d, at 592-593. Given the 
sigificance of that finding to the District Court's judg- 
ment, it is apparent that Teleflex would have made 
clearer challenges to it if it intended to preserve this 
claim. In light of Teleflex's failure to raise the argument 
in a clear fashion, and the silence of the Court of Appeals 
on the issue, we take the District Court's conclusion on 
the point to be correct. 

B 

The District Court was correct to conclude that, as of 
the time Engelgau designed the subject matter in claim 4, 
it was obvious to a person of ordinary skill to combine 
Asano with a pivot-mounted pedal position sensor. There 
then existed a marketplace that created a strong [*47] 
incentive to convert mechanical pedals to electronic ped- 
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als, and the prior art taught a number of methods for 
achieving this advance. The Court of Appeals considered 
the issue too narrowly by, in effect, asking whether a 
pedal designer writing on a blank slate would have cho- 
sen both Asano and a modular sensor similar to the ones 
used in the Chevrolet truckline and disclosed in the '068 
patent. The District Court employed this narrow inquiry 
as well, though it reached the correct result nevertheless. 
The proper question to have asked was whether a pedal 
designer of ordinary skill, facing the wide range of needs 
created by developments in the field of endeavor, would 
have seen a benefit to upgrading Asano with a sensor. 

In automotive design, as in many other fields, the in- 
teraction of multiple components means that changing 
one component often requires the others to be modified 
as well. Technological developments made it clear that 
engines using computer-controlled throttles would be- 
come standard. As a result, designers might have decided 
to design new pedals from scratch; but they also would 
have had reason to make pre-existing pedals work with 
the new engines. Indeed, upgrading its [*48] own pre- 
existing model led KSR to design the pedal now accused 
of infringing the Engelgau patent. 

For a designer starting with Asano, the question was 
where to attach the sensor. The consequent legal ques- 
tion, then, is whether a pedal designer of ordinary skill 
starting with Asano would have found it obvious to put 
the sensor on a fixed pivot point. The prior art discussed 
above leads us to the conclusion that attaching the sensor 
where both KSR and Engelgau put it would have been 
obvious to a person of ordinary skill. 

The '936 patent taught the utility of putting the sen- 
sor on the pedal device, not in the engine. Smith, in turn, 
explained to put the sensor not on the pedal's footpad but 
instead on its support structure. And from the known 
wire-chafing problems of Rixon, and Smith's teaching 
that "the pedal assemblies must not precipitate any mo- 
tion in the connecting wires," Smith, col. 1, lines 35-37, 
Supplemental App. 274, the designer would know to 
place the sensor on a nonmoving part of the pedal struc- 
ture. The most obvious nonmoving point on the structure 
from which a sensor can easily detect the pedal's position 
is a pivot point. The designer, accordingly, would follow 
Smith [*49] in mounting the sensor on a pivot, thereby 
designing an adjustable electronic pedal covered by 
claim 4. 

Just as it was possible to begin with the objective to 
upgrade Asano to work with a computer-controlled throt- 
tle, so too was it possible to take an adjustable electronic 
pedal like Rixon and seek an improvement that would 
avoid the wire-chafing problem. Following similar steps 
to those just explained, a designer would learn from 
Smith to avoid sensor movement and would come, 



thereby, to Asano because Asano disclosed an adjustable 
pedal with a fixed pivot. 

Teleflex indirectly argues that the prior art taught 
away from attaching a sensor to Asano because Asano in 
its view is bulky, complex, and expensive. The only evi- 
dence Teleflex marshals in support of this argument, 
however, is the Radcliffe declaration, which merely indi- 
cates that Asano would not have solved Engelgau's goal 
of making a small, simple, and inexpensive pedal. What 
the declaration does not indicate is that Asano was 
somehow so flawed that there was no reason to upgrade 
it, or pedals like it, to be compatible with modern en- 
gines. Indeed, Teleflex's own declarations refute this 
conclusion. Dr. Radcliffe states that [*50] Rixon suf- 
fered from the same bulk and complexity as did Asano. 
See id, at 206. Teleflex's other expert, however, ex- 
plained that Rixon was itself designed by adding a sensor 
to a pre-existing mechanical pedal. See id, at 209. If 
Rixon's base pedal was not too flawed to upgrade, then 
Dr. Radcliffe's declaration does not show Asano was 
either. Teleflex may have made a plausible argument that 
Asano is inefficient as compared to Engelgau's preferred 
embodiment, but to judge Asano against Engelgau would 
be to engage in the very hindsight bias Teleflex rightly 
urges must be avoided. Accordingly, Teleflex has not 
shown anything in the prior art that taught away from the 
use of Asano. 

Like the District Court, finally, we conclude Tele- 
flex has shown no secondary factors to dislodge the de- 
termination that claim 4 is obvious. Proper application of 
Graham and our other precedents to these facts therefore 
leads to the conclusion that claim 4 encompassed obvi- 
ous subject matter. As a result, the claim fails to meet the 
requirement of § 103. 

We need not reach the question whether the failure 
to disclose Asano during the prosecution of Engelgau 
voids the presumption of validity given [*51] to issued 
patents, for claim 4 is obvious despite the presumption. 
We nevertheless think it appropriate to note that the ra- 
tionale underlying the presumption -- that the PTO, in its 
expertise, has approved the claim - seems much dimin- 
ished here. 

IV 

A separate ground the Court of Appeals gave for re- 
versing the order for summary judgment was the exis- 
tence of a dispute over an issue of material fact. We dis- 
agree with the Court of Appeals on this point as well. To 
the extent the court understood the Graham approach to 
exclude the possibility of summary judgment when an 
expert provides a conclusory affidavit addressing the 
question of obviousness, it misunderstood the role expert 
testimony plays in the analysis. In considering summary 
judgment on that question the district court can and 
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should take into account expert testimony, which may 
resolve or keep open certain questions of fact. That is not 
the end of the issue, however. The ultimate judgment of 
obviousness is a legal determination. Graham, 383 U.S., 
at 17, 86 S. Ct. 684, 15 L. Ed. 2d 545. Where, as here, 
the content of the prior art, the scope of the patent claim, 
and the level of ordinary skill in the art are not in mate- 
rial dispute, and [*52] the obviousness of the claim is 
apparent in light of these factors, summary judgment is 
appropriate. Nothing in the declarations proffered by 
Teleflex prevented the District Court from reaching the 
careful conclusions underlying its order for summary 
judgment in this case. 

* * * 

We build and create by bringing to the tangible and 
palpable reality around us new works based on instinct, 
simple logic, ordinary inferences, extraordinary ideas, 
and sometimes even genius. These advances, once part 
of our shared knowledge, define a new threshold from 
which innovation starts once more. And as progress be- 
ginning from higher levels of achievement is expected in 
the normal course, the results of ordinary innovation are 
not the subject of exclusive rights under the patent laws. 
Were it otherwise patents might stifle, rather than pro- 
mote, the progress of useful arts. See U.S. Const., Art. I, 



§ 8, cl. 8. These premises led to the bar on patents claim- 
ing obvious subject matter established in Hotchkiss and 
codified in § 103. Application of the bar must not be 
confined within a test or formulation too constrained to 
serve its purpose. 

KSR provided convincing evidence that mounting a 
modular [*53] sensor on a fixed pivot point of the Asano 
pedal was a design step well within the grasp of a person 
of ordinary skill in the relevant art. Its arguments, and 
the record, demonstrate that claim 4 of the Engelgau pat- 
ent is obvious. In rejecting the District Court's rulings, 
the Court of Appeals analyzed the issue in a narrow, 
rigid manner inconsistent with § 103 and our precedents. 
The judgment of the Court of Appeals is reversed, and 
the case remanded for further proceedings consistent 
with this opinion. 

It is so ordered. 
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Before MAYER, LOURIE, and DYK, Circuit Judges . 
LOURIE, Circuit Judge . 

Leapfrog Enterprises, Inc. ("Leapfrog") appeals from the order of the United 
States District Court for the District of Delaware entering judgment of noninfringement 
and invalidity of claim 25 of Leapfrog's U.S. Patent 5,813,861 ("the '861 patent") in favor 
of Fisher-Price, Inc. and Mattel, Inc. (collectively "Fisher-Price"). We affirm. 

BACKGROUND 

Leapfrog filed suit in October 2003, alleging that Fisher-Price's PowerTouch 
product infringed claim 25 of the '861 patent. Leapfrog amended the complaint to add 



Mattel, Inc. as a codefendant in September 2004. The '861 patent relates to a learning 
device to help young children read phonetically. Claim 25 reads as follows: 

An interactive learning device, comprising: 

a housing including a plurality of switches; 

a sound production device in communication with the switches and 

including a processor and a memory; 
at least one depiction of a sequence of letters, each letter being 

associable with a switch; and 
a reader configured to communicate the identity of the depiction to the 

processor, 

wherein selection of a depicted letter activates an associated switch to 
communicate with the processor, causing the sound production device to 
generate a signal corresponding to a sound associated with the selected 
letter, the sound being determined by a position of the letter in the 
sequence of letters. 

'861 patent, col. 10 II.23-36. 

In an April 7, 2005 Order, the trial court construed a number of terms from claim 
25 of the patent. The court construed the phrase "selection of a depicted letter" to mean 
"choosing a particular depicted letter from the depicted sequence of letters by 
contacting or coming into proximity to that particular depicted letter." Leapfrog Enters.. 
Inc. v. Fisher-Price, Inc. . No. 03-927 (D. Del. Apr. 7, 2005). 

The accused PowerTouch device consists of a hinged plastic housing containing 
electronics and a speaker that opens to lie flat. When so opened, a user places a book 
made for use with the device in a rectangular recess in the housing. The books contain 
large, colorful pictures that also show words associated with the objects shown in those 
pictures. The user may select one of multiple modes of operation. In phonics mode, 
when the user touches one of the words on the page, the device pronounces the word, 
then pronounces each phoneme of the word in sequence, and finally pronounces the 
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entire word again. The device relies on a grid of "crosspoints" located in the area 
underneath where the books are placed to detect the location on the page being 
touched by the user. The processor in the device may be programmed to associate a 
particular response with each crosspoint. Some of the words on the pages of the books 
are large enough that each letter of the word corresponds to a separate crosspoint. 
However, the phonics mode operates in the same manner for those words, with 
pronunciation of the word, the phonemes, and the word again, regardless which letter 
the user touches because each letter has been associated with the same response in 
the device's programming. 

The case proceeded to trial, but the jury deadlocked on May 27, 2005. The 
parties stipulated that the case would be submitted to the trial court for decision, based 
on the record and the rulings made by the court at the time the case was submitted to 
the jury. 

The trial court issued its decision on March 30, 2006, finding claim 25 of the '861 
patent not infringed and invalid as obvious. The court found that the accused 
PowerTouch device could not practice the "selection of a depicted letter" because it only 
allowed selection of words rather than letters. The court thus found that the 
PowerTouch did not infringe claim 25. The court also concluded that claim 25 was 
invalid as obvious in view of the combination of U.S. Patent 3,748,748 to Bevan, the 
Texas Instruments Super Speak & Read ("SSR") device, and the knowledge of one of 
ordinary skill in the art as represented by the testimony of Fisher-Price's technical 
expert, Ronald Milner. 
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Leapfrog timely appealed. We have jurisdiction pursuant to 28 U.S.C. 
§ 1295(a)(1). 

DISCUSSION 

A. Noninfringement 

The district court's determination of infringement is a question of fact that we 
review for clear error. Abraxis Bioscience, Inc. v. Mavne Pharm. (USA) Inc. . 467 F.3d 
1370, 1375 (Fed. Cir. 2006). "Under the clear error standard, the court's findings will 
not be overturned in the absence of a definite and firm conviction that a mistake has 
been made." Impax Labs., Inc. v. Aventis Pharm. Inc. , 468 F.3d 1366, 1375 (Fed. Cir. 
2006) (quotation omitted). 

On appeal, Leapfrog does not challenge the district court's construction of the 
phrase "selection of a depicted letter," but argues that the court clearly erred in applying 
that construction to the facts of the case. More specifically, Leapfrog argues that the 
PowerTouch does allow "choosing a particular depicted letter" because in at least some 
cases each letter of a word corresponds to a separate crosspoint. Thus, the fact that 
the response of the device is the same, no matter which letter the user touches, is 
irrelevant because the user may still choose particular letters. 

Fisher-Price also does not challenge the district court's claim construction, and 
Fisher-Price responds that the district court correctly determined that selection by 
choosing a particular letter is only meaningful if making one letter choice results in an 
outcome different from making a different letter choice. Fisher-Price argues that the 
district court correctly found that only the word can be selected if the choice of letter, 
within a particular word, is irrelevant to the response of the device. 
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We find no clear error in the district court's application of the claim to the 

essentially undisputed facts of this case. The court's conclusion that the Fisher-Price 

PowerTouch only allows selection of a word rather than "a depicted letter" comports 

with its construction of "selection" to mean "choosing." The ordinary meaning of choice 

requires that the alternatives from which the choice is made will result in different 

possible outcomes. With the PowerTouch device, the same outcome results no matter 

which letter in the word the user touches. This understanding is also consistent with the 

way that selection of a depicted letter is described in the patent. 

Every time the child depresses a letter key, the book will recite the 
phoneme of the letter associated with that letter, in the context that the 
letter is used in the word or phrase depicted on the card, here "ball." 
Thus, for the example where the subject is "ball" as shown if the child 
depresses the correct letter key of "b" the processor will sound the 
phoneme "b" as "b" is pronounced in "ball." 

'861 patent, col. 6 11.17-23. Most importantly, this understanding of selection is also most 

consistent with the language of claim 25 itself. The PowerTouch device does not 

generate a signal corresponding to a sound associated with the selected letter, as the 

claim requires. A signal corresponding to a word is not the same as a signal 

corresponding to a letter. If the claim were meant to encompass a device that always 

enunciates all the letters of a word no matter which letter was selected, the claim 

language requiring that "the sound be[] determined by a position of the letter in the 

sequence of letters" would be superfluous because no such determination would be 

necessary. 

Leapfrog comes well short of supporting a definite and firm conviction that a 
mistake has been made, and we therefore affirm the district court's entry of judgment of 
noninfringement in favor of Fisher-Price. 
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B. Obviousness 

"Obviousness is a question of law, reviewed de novo , based upon underlying 
factual questions which are reviewed for clear error following a bench trial." Alza Corp. 
v. Mvlan Labs., Inc. , 464 F.3d 1286, 1289 (Fed. Cir. 2006) (citing Ruiz v. A.B. Chance 
Co. . 357 F.3d 1270, 1275 (Fed. Cir. 2004)). 

Leapfrog argues that the district court engaged in improper hindsight in reaching 
its conclusion of obviousness by concluding that all of the limitations of the claim are 
found in the prior art. Leapfrog also argues that the court's finding that the Bevan 
device has the same functionality as claim 25 was clearly erroneous because the 
components of Bevan's device are mechanical, and thus different in structure and 
interrelation from the electronic components described in claim 25, and therefore cannot 
provide the same functionality. Leapfrog argues that there was inadequate evidence in 
the record to support a motivation to combine Bevan, the Texas Instruments SSR, and 
a reader to arrive at the invention of claim 25. Finally, Leapfrog argues that the district 
court did not properly consider the strong evidence of secondary considerations of 
nonobviousness. 

In response, Fisher-Price argues that claim 25 is nothing more than the Bevan 
device, a toy that teaches reading based on the association of letters with their 
phonemic sounds, updated with modern electronics that were common by the time of 
the alleged invention. Fisher-Price also responds that particularized and specific 
motivations to combine need not be found in the prior art references themselves in the 
context of an improvement that arises from a desire to generally improve a known 
device ( e.g. , to make the product smaller, lighter, or less expensive) using newer 
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technology. Finally, Fisher-Price argues that the district court did give proper 
consideration to secondary considerations of nonobviousness, but simply concluded 
that those considerations were not sufficient to overcome the determination of 
obviousness based on primary considerations. 

We agree with Fisher-Price that the district court correctly concluded that the 
subject matter of claim 25 of the '861 patent would have been obvious in view of the 
combination of Bevan, the SSR, and the knowledge of one of ordinary skill in the art. 
An obviousness determination is not the result of a rigid formula disassociated from the 
consideration of the facts of a case. Indeed, the common sense of those skilled in the 
art demonstrates why some combinations would have been obvious where others would 
not. See KSR Int'l Co. v. Teleflex Inc. . 550 U.S. _, 2007 WL 1237837, at *12 (2007) 
("The combination of familiar elements according to known methods is likely to be 
obvious when it does no more than yield predictable results."). Thus, we bear in mind 
that the goal of the claim 25 device was to allow a child to press a switch associated 
with a single letter in a word and hear the sound of the letter as it is used in that word. 
In this way, the child would both associate the sound of the letter with the letter itself 
and be able to sound out the word one letter at a time to learn to read phonetically. 
Accommodating a prior art mechanical device that accomplishes that goal to modern 
electronics would have been reasonably obvious to one of ordinary skill in designing 
children's learning devices. Applying modern electronics to older mechanical devices 
has been commonplace in recent years. 

The Bevan patent was one of the pieces of prior art relied upon by the district 
court, and it describes an electro-mechanical learning toy. In the preferred embodiment 
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of the Bevan device, a housing contains a phonograph record as a voice storage 
means, a speaker for playing sounds from the voice storage means, and an actuated 
electric motor to turn the record. Uniquely shaped puzzle pieces fit into correspondingly 
shaped openings in the top of the housing. Depressing the puzzle pieces in the 
openings causes the motor to turn the record and brings phonographic needles into 
contact with the portions of the record where the sounds associated with the puzzle 
pieces are stored so that they can be played through the speaker. In one embodiment, 
each puzzle piece is imprinted with one letter from a word, and pressing each puzzle 
piece produces the sound of a single letter in that word. Thus, although it relies on an 
electric motor and mechanical structures rather than a processor and related 
electronics, Bevan teaches an apparatus that achieves the goals described above of 
associating letters with their sounds and encouraging children to sound out words 
phonetically through a similar type of interaction. We therefore see no clear error in the 
district court's finding that the Bevan device has the same method of operation, viewed 
as a whole, as claim 25 of Leapfrog's '861 patent. 

A second piece of prior art relied upon by the district court was the Texas 
Instruments SSR. The SSR is a more modern type of prior art learning toy, constructed 
with electronic components, that has a slightly different mode of operation than Bevan. 
The SSR has a hinged plastic housing that opens to lie flat. Books for use with the toy 
fit into a recess in the housing. The housing contains switches that can detect when a 
child presses on different areas of the books' pages. The housing also contains a 
processor, memory, and a speaker to produce sounds. In one mode of operation, the 
SSR allows the child to press the first letter of a word and hear the sound of that letter. 
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The remainder of the letters in the word are grouped together and played together. For 
example, the child can press the letter T and hear the t phoneme and then press "ug" 
to hear all the sounds in the word "tug." Similarly, the child can press the letter "b" and 
then "ug" to hear the sounds in "bug." The SSR does not include a reader that allows 
the processor to automatically identify the inserted book. Instead, the user can press a 
triangle printed on the first page of the book, and the processor determines from the 
location of the triangle printed on the page which book is inserted. Similarly, the user 
can press a star on each page of the book, and the processor determines from the 
location of the star on the page which page of the book is being viewed. Thus, the SSR 
provides a roadmap for one of ordinary skill in the art desiring to produce an electronics- 
based learning toy for children that allows the use of phonetic-based learning methods, 
including the association of individual letters with their phonemes. 

We agree with the district court that one of ordinary skill in the art of children's 
learning toys would have found it obvious to combine the Bevan device with the SSR to 
update it using modern electronic components in order to gain the commonly 
understood benefits of such adaptation, such as decreased size, increased reliability, 
simplified operation, and reduced cost. While the SSR only permits generation of a 
sound corresponding to the first letter of a word, it does so using electronic means. The 
combination is thus the adaptation of an old idea or invention (Bevan) using newer 
technology that is commonly available and understood in the art (the SSR). We 
therefore also find no clear error in the finding of the district court that one of ordinary 
skill in the art could have utilized the electronics of the SSR device, with the method of 
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operation taught by Bevan, to allow a child to press each individual letter in a word and 
hear the individual phonemes associated with each letter to sound out the words. 

This combination of Bevan and the SSR lacks only the "reader" of claim 25 of the 
'861 patent. The district court found that readers were well-known in the art at the time 
of the invention. As there is ample evidence in the record to support that finding, we 
find no clear error in the court's determination. Furthermore, the reasons for adding a 
reader to the Bevan/SSR combination are the same as those for using readers in other 
children's toys — namely, providing an added benefit and simplified use of the toy for the 
child in order to increase its marketability. Leapfrog presents no evidence that the 
inclusion of a reader in this type of device was uniquely challenging or difficult for one of 
ordinary skill in the art. See KSR, 2007 WL 1237837, at *15. Nor does Leapfrog 
present any evidence that the inclusion of a device commonly used in the field of 
electronics (a reader), and even in the narrower art of electronic children's toys, 
represented an unobvious step over the prior art. Our conclusion is further reinforced 
by testimony from the sole inventor at trial that he did not have a technical background, 
could not have actually built the prototype himself, and relied on the assistance of an 
electrical engineer and Sandia National Laboratory to build a prototype of his invention. 

Finally, we do not agree with Leapfrog that the court failed to give proper 
consideration to secondary considerations. The district court explicitly stated in its 
opinion that Leapfrog had provided substantial evidence of commercial success, praise, 
and long-felt need, but that, given the strength of the prima facie obviousness showing, 
the evidence on secondary considerations was inadequate to overcome a final 
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conclusion that claim 25 would have been obvious. We have no basis to disagree with 
the district court's conclusion. 

In light of our review of the evidence and the lack of any clear error in the district 
court's factual findings, we agree with the district court's conclusion that claim 25 of the 
'861 is invalid as obvious in view of the combination of Bevan, the SSR device, and the 
knowledge of one of ordinary skill in the art concerning readers. 

CONCLUSION 

For the reasons stated, we affirm the district court's grant of judgment that 
Fisher-Price's PowerTouch device does not infringe claim 25 of the '861 patent and that 
claim 25 of the '861 patent is invalid as obvious. 

AFFIRMED 
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Abstract 

Ground beef, beef loin steaks and pork chops were packaged in modified atmospheres of 0.4% CO/60% C(ty40% N 2 and 70% 
02/30% C0 2 . In addition ground beef was packaged in clipped chub packs, beef loin steaks were vacuum packaged, and pork 
chops were packaged in an atmosphere of 60% COi/40% N 2 with each pack containing an O* absorber. The packs were stored in 
the dark at 4 or 8*C for up to 21 days. Meat in 0.4% CO/60% CO 2 /40% N 2 had a stable bright red colour that lasted beyond the 
time of spoilage. The storage lives in this gas mixture at 4°C, as limited by off-odours, were 1 1, 14 and 21 days for ground beef, beef 
loin steaks and pork chops, respectively. The 70% 0^30% C0 2 atmosphere resulted in an initially bright red to red colour of the 
meat, but the colour was unstable and off-odours developed rapidly. The off-odours probably were caused by Brochothrix thermo- 
sphacta, which grew in all meat types, or by pseudomonads in ground beef. Meat stored in chub packs, vacuum packs or 60% C0 2 / 
40% N 2 with an 0 2 absorber developed off-odours and microflora similar to those of meat in 0.4% CO/60% COj/40% N 2 , but 
with less acceptable appearances. These results show that a low CO/high C0 2 atmosphere is effective for preserving retail-ready 
meat. © 1999 Elsevier Science Ltd. All rights reserved. 



1. Introduction 

The main reasons for modified atmosphere packaging 
(MAP) of red meats for retail sale are to prolong the 
microbiological shelf life and to maintain an attractive 
red colour of the product. Modified atmospheres (MA) 
usually consist of carbon dioxide (C0 2 ) for inhibiting 
microbiological growth, oxygen (O2) for enhancing col- 
our and, occasionally, nitrogen (N 2 ) as a filler. The most 
common gas mixture for retail-ready meat contains 
approximately 70% 0 2 and 30% C0 2 , and gives the 
product an extended shelf life compared to air (Gill, 
1996). The shelf life and colour stability of meat stored 
in this gas mixture is still limited. To obtain a stable red 
colour for the meat, low concentrations (< 1%) of car- 
bon monoxide (CO) can be introduced in the MA. 
Then, 0 2 can be removed from the gas mixture and the 
concentration of bacteriostatic C0 2 can be increased. 
Anaerobic conditions extend the shelf life of meat con- 
siderably compared to air and 0 2 -enriched atmospheres 
(Gill & Molin, 1991). CO binds strongly to the meal 
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pigment myoglobin to form stable carboxymyoglobin 
which has a cherry red colour (El-Badawi, Cain, 
Samuels, & Angelmeier, 1964). Low concentrations of 
CO have little effect on the microflora of meat (Clark, 
Lentz, & Roth, 1976; Gee & Brown, 1978; Luiio, Bel- 
tran, & Roncales, 1998). 

The Norwegian meat industry has for the past decade 
been using a gas mixture of approximately 0.3-0.5% 
CO, 60-70% C0 2 and 30-40% N 2 in retail-ready 
packages of beef, pork and lamb. Packages with this gas 
mixture now have a 50-60% share of the domestic, 
retail, red meat market. The technological, hygienic and 
toxicological aspects of using CO in MA for meat have 
recently been reviewed with the conclusion that CO 
used in concentrations up to 1% does not present a 
toxic hazard to the consumer (Serheim, Aune, & Nes- 
bakken, 1997a). However, CO may mask spoilage, 
because the stable cherry red colour can last beyond the 
microbiological shelf life of the me?t (Kroof, 1980). 

The inclusion of CO in MA for meat is controversial. 
CO is presently not allowed in MA for meat in the USA 
and in the EU (Cornforth, 1994; European Parliament 
and Council Directive, 1995). However, Norwegian 
food control authorities have up to now not opposed 
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the use of up to 0.5% CO in MA for meat. This would 
change with an adoption of EU food regulations in 
Norway. Consequently, the Norwegian meat industry is 
seeking amendments of current EU food regulations 
relating to the use of CO in MAP of red meats. If the 
use of CO should be disallowed, other means of main- 
taining the long shelf life and the attractive red colour of 
the meat will have to be sought. 

The aim of the present experiments was to compare a 
commercial Norwegian CO/CO2/N2 mixture with alter- 
native gas mixtures and packaging methods for their 
effects on the off-odour, microflora and colour of 
ground beef, beef loin steaks and pork chops stored at 4 
or 8°C for up to 21 days. 



2. Materials and methods 

2.1. Preparation of meat 

2.1 J. Ground beef 

Twenty cow and bull carcasses of Norwegian Red Cat- 
tle, which weighed on average 275 kg, were electrically 
stimulated with 90 V and were chilled using programmed 
air temperatures between 12 and -5°C. Two days after 
slaughter the carcasses were deboned, and trimmings with 
14% fat were ground through a 4 mm plate. The batch of 
ground beef was divided into 500 g portions. 

2.1. 2. Beef loin steaks 

Loins (m. longissimus lumborum et thoracis) with ulti- 
mate pH values below 5.8 were deboned from 25 bull car- 
casses of Norwegian Red Cattle. These carcasses, which 
weighed on average 275 kg, were stimulated, chilled and 
deboned the same way as the carcasses used in the pre- 
paration of ground beef. The loins were vacuum packaged 
and aged for 1 1 days at 3°C. Thereafter, the loins were cut 
into steaks 2.5 cm thick, and were randomly assigned to 
retail packs which each contained two steaks. 

2.1.3. Pork chops 

Thirty pig carcasses of Norwegian Land Race, which 
weighed on average 75 kg, were blast-chilled. Four days 
after slaughter, bone-in loins were removed and crust-fro- 
zen in liquid N 2 at -50°C for 20 min to facilitate cutting of 
chops. The chops, which were 1 .6 cm thick, were randomly 
assigned to retail packs which each contained two chops. 

2.2. Packaging 

Ground beef, beef loin steaks and pork chops were 
packaged in 0.4% CO/60% CO 2 /40% N 2 (CO mixture) 
and 70% O 2 /30% C0 2 (high 0 2 ). In addition, ground 
beef was packaged in clipped chub packs, beef loin 
steaks were vacuum packaged and pork chops were 
packaged in 60% CO 2 /40% N 2 with one Ageless® FX- 



100 0 2 absorber (Mitsubishi Gas Chem. Co. Inc., 
Tokyo, Japan) in each pack (mixture with 0 2 absorber)' 
The meal was packaged at a commercial meat plant 
within 2 h of grinding or cutting. Meat in the CO 
mixture, the high 0 2 mixture and the mixture with 0 : 
absorber was packaged in an Ilapak Delta 2000 flow" 
packaging machine (Ilapak Machine Auto S.A., Gran- 
cia, Switzerland). The CO mixture was a blend of 1 % 
CO/99% N 2 with 100% C0 2 . The high 0 2 mixture was 
used as a preblend. The mixture with 0 2 absorber was a 
blend of 100% N 2 with 100% C0 2 (all gases, Hydrogas, 
Porsgrunn, Norway). The initial gas volume to meat 
weight ratio in the packs was approximately 1.5 to 1. 
The packs consisted of polyethylene trays (Faerch Plast, 
Holstebro, Denmark) wrapped in Cryovac BDF 550 
shrinking film (Cryovac, Milan, Italy) with an 0 2 
transmission rate of 19 cm 3 /m 2 /24 h/atm at 23°C and 
0% RH. Chub packs of ground beef were packaged in a 
clipping machine (Poly-Clip, Frankfurt, Germany) 
using a red, fishingnet-pattemed, polyethylene film 
(SFK, Vidovre, Denmark) with an 0 2 transmission rate 
of 500 cm J /m 2 /24 h/atra at 23°C and 0% RH. Beef loin 
steaks were vacuum packaged in a Multivac 5100 
thermo-forming machine (Multivac, Wolfertschwenden, 
Germany) using a terephtalate/polycthylene upper film 
and polyamide/polyethylene lower film with 0 2 trans- 
mission rates of 10 and 16 cm 3 /m 2 /24 h/atm at 23°C and 
0% RH, respectively (Danisco, Horsens, Denmark). 

2.3. Storage and sampling of meat 

Five samples were collected from the ground beef 
batch, beef loins and pork loins before packaging, for 
pH measurements and microbiological analyses. 

The packaged meat was stored in dark chilling rooms 
at 4 ±0.5 or 8 ±0.5°C for up to 21 days at least until off- 
odours developed. Five packs were removed per pro- 
duct, packaging method, storage temperature and sam- 
pling day after the following storage times: 

• ground beef: 2, 4, 6, 8 or 1 1 days; 

• beef loin steaks: 3, 7, 10 or 14 days; and 

• pork chops: 3, 7, 10, 14, 17 or 21 days. 

2.4. Gas analyses 

The atmospheres of packs with MA were analysed for 
0 2 and C0 2 immediately after packaging (approxi- 
mately every tenth pack) and at sampling (all packs). 0 2 
was determined using a Toray LC 700-F gas analyser 
(Toray Engineering, Osaka, Japan) and C0 2 using a 
Toray PG-100 gas analyser (Toray). The threshold 
levels for the 0 2 and C0 2 analyses were 0.05 and 1%, 
respectively. Gas samples of 10 cm 3 were removed with 
a syringe through selfsealing patches on the packs. 
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2.5. pH 

The pH measurements were made directly in the meat 
with an Ingold Xerolyt gel electrode (Mettler-Toledo 
A G., Greifensee, Switzerland). 

2.6. Odour 

The meat was evaluated for odours by a three mem- 
ber trained panel between 0.5 and 1 min after opening 
of the packs. The off-odour scale used was: 1 = none, 
3 = slight and 5 = extreme. Scores of 3 or below were 
considered acceptable. 

2.7. Microbiology 

Ten gram meat samples were collected from por- 
tions of the ground beef, and diluted in 90 g peptone 
water. A sample 25 cm 2 and 2-3 mm thick was 
removed from the surface of each beef loin or steak 
and pork loin or chop with a scalpel, and diluted in 
100 ml peptone water. Each sample was macerated in 
a Stomacher for 1 min. Serial 10-fold dilutions of each 
Stomacher fluid were prepared, and 20 nl volumes of 
appropriate dilutions were plated in duplicate on the 
following media: 

• plate count agar (PCA; Difco, Difco Laboratories, 
Detroit, MI, USA) for total viable counts; 

• de Man, Sharpe and Rogosa agar (MRS; Oxoid, 
Unipath Ltd., Basingstoke, Hampshire, UK) 
adjusted to pH 5.7 for lactic acid bacteria (de 
Man, Rogosa, & Sharpe, 1960); 

• streptomycin thallous acetate actidionc agar base 
(STAA; CM 881 with selective supplement SR 
151* Oxoid) for Brochothrix thermosphacta, 

. pseudomonads agar base (CFC; CM 559 with 
selective supplement SR 103; Oxoid) for pseudo- 
monads; 

In addition, 1 ml portions of appropriate dilutions 
were plated in duplicate on petrifilm coliform count 
plates (3M Microbiology Products, St. Paul, MN, USA) 
for enumeration of coliforms and Escherichia colL 

Plates of PCA, MRS, STAA and CFC were incu- 
bated at 20°C for four days, and petrifilm plates at 30°C 
for up to 2 days, all aerobically. Counts were expressed 
as colony forming units (CFU) per g or cm 2 . 

2.8. Colour 

A six-member trained panel evaluated the colour of 
the meat in intact packs under 1 200 ±200 lux Warmton 
Lumiiux L36W/31 yellow-white light (Osrai.., Dram- 
men. Norway). The colour was assessed on a scale 
where 1 = bright red (ground beef and beef loin steaks) 
or light bright red (pork chops), 2 = red (ground beef 



and beef loin steaks) or light red (pork chops), 
3 = slightly brown, grey or green, 4 = moderately brown, 
grey or green and 5 = extremely brown, grey or green 
(National Live Stock and Meat Board, 1991). 

A Minolta Chroma Meter CR-300 (Minolta Camera 
Co., Osaka, Japan) with 8 mm viewing port and illuminant 
D 6 5 was used for measuring CIE a* values (redness). 
The colour was measured directly at the meat surface 
within 1 min of opening of each pack. 

Ground beef in chub packs was not included in the 
colour analyses because the red packaging film hides the 
colour of the product. With pork chops, the colour of only 
the m. longissimus lumborum et thoracis was analysed. 

2.9. Statistics 

Analysis of variance by Tukey's multiple comparisons 
test was performed using the Systat programme, version 
6 (Systat Inc., Evanston, IL, USA). 



3. Results 

3. J. Gas composition 

The initial 0 2 concentrations in packs with the CO 
mixture and the mixture with O2 absorber were all 
below 0.5% immediately after packaging. O2 was not 
detected in these packs after 2 or 3 days storage. The 
level of O2 in packs of high Oj was reduced from the 
initial 70 to 60-^5% during storage for up to 21 days. 
Concentrations of C0 2 in the packs were generally 
reduced by one fifth after 2 or 3 days storage, and were 
then stable (data not shown). 

3.2. Storage life of ground beef 

The time to develop off-odours was 2 to 3 days longer 
for ground beef stored in the CO mixture and in chub 
packs than in high 0 2 , and it was 4 or 5 days longer at 4 
than at 8°C for all three packaging methods (Table 1). 
In high 0 2t the total viable counts increased faster and 
were higher (p < 0.01) than for the other two types of 
packaging after 2 days at either 4 or 8°C [Fig. 1(a)]. The 
total viable counts were more than 90% lactic acid 
bacteria (data not shown). The high numbers of lactic 
acid bacteria in ground beef, up to approximately 
logjo 8 CFU/g f caused a decrease in the pH value from 
the initial 5.7 to 5.2 after 6 days when the meat was 
stored in the CO mixture or chub packs at 8°C (data 
not shown). At 4°C, the pH value was reduced to 5.5 
after 11 days in both those packaging systems. The 
numbers of B. thermosphacta increased, in meat in 
high 0 2 [Fig. 1(b)]. In meat in high 0 2 the numbers 
of pseudomonads increased up to approximately 
logi 0 7CFU/g. but only to log, 0 5 and 6 CFU/g in 
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meat in the CO mixture or chub packs, respectively 
(data not shown). 

Ground beef in the CO mixture had a stable bright 
red colour, as shown by both the low colour scores and 
the high a 0 values [Fig. 1(c) and (d)]. Meat in high 0 2 
was significantly less red (p < 0.0S) than meat in the CO 
mixture, with higher colour scores and lower a* values 
at day 2 and at later storage times at both 4 and 8°C. 
The colour of meat in high 0 2 deteriorated with time, 
significantly faster {p < 0.01) at 8 than at 4°C. 

Table I 

Time for development of off-odours in different types of meat in 
various packaging! it storage temperatures of 4 or 8"C 



Product 



Packaging* 



Time of 
off-odour 
detection (days) 



4'C 



8*C 



Ground beef 


CO mixture 


tl 


6 




High O, 


8 


4 




Chub packs 


11 


6 


Beef loin steaks 


CO mixture 


14 


7 




High Oi 


10 


7 




Vacuum packs 


14 


7 


Pork chops 


CO mixture 


21 


14 




High Oj 


14 


7 




Mixture with O] absorber 


17 


10 



' CO mixture -modified atmosphere or 0.4V* CO/60% COj/40% 
N : ; High 0 2 - modified atmosphere of 70% Oi/30% CO]; Mixture 
with Oj absorber - modified atmosphere of 60% COx/40% Nj with an 
O] absorber in the pack. 



J.J. Storage life of beef loin steaks 

At 4°C, off-odours developed 4 days later in beef loin 
steaks in the CO mixture and in vacuum packs than in 
high 0 2 (Table 1). At 8°C, no differences in the develop- 
ment of off-odours were observed. Off-odours developed 
4 to 7 days earlier in meat at 8 than at 4°C The type of 
packaging did not significantly affect (p < 0.05) the total 
viable counts on the meat, but the counts were sig- 
nificantly higher (p < 0.01) at 8 than at 4°C after both 3 
and 7 days of storage [Fig. 2(a)). The numbers of B. 
thermosphacta were less than Iog| 0 4CFU/cra 2 in meat in 
all types of packaging at all times, but were significantly 
higher (p < 0.05) on meat in high 0 2 at 7 and 10 days than 
on meat in the CO mixture and in vacuum packs at 
equivalent times [Fig. 2(b)]. Hie numbers of pseudomonads 
did not exceed log, 0 3.5 CFU/cm 2 at any sampling 
time, and were not significantly affected (p > 0.05) by 
the type of packaging or the storage temperature. 

The colour of the beef loin steaks in the CO mixture 
was stable bright red throughout storage at both 4 and 
8°C, as shown by the low colour scores and high a* 
values [Fig. 2(c) and (d)]. Steaks in high 0 2 were also 
bright red with high a* values at day 3, but these steaks 
discoloured gradually between days 3 and 10, sig- 
nificantly faster (p < 0.05) at 8 than at 4°C. Meat in 
vacuum packs was slightly discoloured with low a* 
values throughout storage. The colour scores and a* 
values of vacuum packaged steaks were not significantly 
affected {p > 0.05) by the storage temperature. 



Microbiology 




i 



2 4 6 8 
Storage Dme (days) 




2 4 6 8 
Storage time (days) 



fig. i. Mean vaiucs (n = 5) for (a) local viabie counts, (b) numbers of Brochothrix thermosphacta, (c) visual colour scores and (d) CIE a* values for 
ground beef stored in 0.4% CO/60% 00^40% N 2 at 4*C (O) or 8« C (•). in 70% O L '30% COi at 4'C (□) or 8'C (■). or in chub packs at 4°C 
(A) or 8°C (A). Colour was assessed on a scale where I • bright red and 5 = extremely discoloured. 
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3.4. Storage life of pork chops 

For pork chops, off-odours developed more slowly in 
meat in the CO mixture than in meat in the mixture with 
0 2 absorbers or in high 0 2 (Table 1). Off-odours were 
detected 7 days earlier at 8 than at 4°C for chops in each 
type of packaging. The type of packaging did not affect 
the total viable counts on the pork chops [Fig. 3(a)]. 
However, the counts were greater on meat stored at 8 than 
at 4 a C. The numbers of B. thermosphacta on chops in high 



0 2 were significantly higher (p < 0.01) than on chops in 
the CO mixture or in the mixture with 0 2 absorbers after 7 
days at 8°C or 10 days at 4°C, and reached approximately 
log| 0 6 CFU/cm 2 [Fig. 3(b)]. The numbers of pseudomo- 
nads did not exceed log l0 3 CFU/cm 2 on any of the pork 
chops. 

The colour of pork chops in the CO mixture was light 
bright red with high a* values throughout storage [Fig. 3(c) 
and (d)]. Chops in high 0 2 were red at day 3, but dis- 
coloured during storage, significantly faster (p < 0.05) at 
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3 7 10 

Storage time ((toys) 



14 



3 7 10 

Stooge time (days) 



Fig. 2. Mean values (n « 5) for (a) total viable counts, (b) numbers of Brochothrix thermosphacta, (c) visual colour scores and (d) CIE a* values for 
beef loin steaks stored in 0.4V. CO/60% COj/40% N 2 at 4*C (O) or rC (•). in 70% Oi/30% CO, at 4«C (□) or 8*C (■). or in vacuum packs at 
4 C C (V) or 8'C (T). Colour was assessed on a scale where I - bright red and 5 •extremely discoloured. 
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Storage time (days) 



7 10 14 
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Fig 3. Mean values (n = 5) for (a) total viable counts, (b) numbers of Brochothrix thermosphacta. (c) visual colour scores and (d) CIE a m values for 
pork chops storeo m 0.4% CO/60% COi/40% N 2 at 4«C (O) or 8* C (•). in 70% O 2 /30% C0 2 at 4*C (□) or 8°C (■), or in 60% COi/40% N 2 
with 0 2 absorbers at 4*C (O) or 8'C (■♦). Colour was assessed on a scale where I - light bright red and 5 - extremely discoloured. 
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8 than at 4°C. Approximately 75% of the chops in high 
0 2 had black back bones at the time of sampling. Chops 
in the mixture with 0 2 absorbers were moderately dis- 
coloured from day 3 to the end of storage. These chops 
had a* values similar to those of chops in high 0 2 . 



4. Discussion 



4.1. Off-odour and microflora 



0.5-10% CO to N 2 atmospheres reduced the number of 
psychrotrophic bacteria and increased the odour shelf 
life of beef. For example, 1.0% CO in 99% N 2 
increased the time to develop off-odours at 5°C from 
18 to 24 days. The lack of such an effect of CO on 
bacteria in our experiments may be due to the use of 
60% C0 2 overshadowing any effect of CO. 

The use of CO makes it possible to dispense with 0 2 
and so to increase the C0 2 concentration in a MA to 
about 60%. Our data suggest that 0.4% CO probably 



The shelf life of the meat, as determined by the time 
to develop off-odours, was influenced by the packaging 
method, the storage temperature and the initial micro- 
biological load on the meat. Storage of meat in the CO 
mixture; in vacuum packs or in chub packs gave the 
longest shelf lives. Meat stored in high 0 2 generally 
developed off-odours 2-7 days earlier at 4 or 8°C than 
meat packaged in the other gas mixtures or by the other 
methods. 

The differences in the rates of development of off- 
odours, as affected by the packaging method, were sel- 
dom related to any differences in numbers of total viable 
counts. However, the development of off-odours from 
the three meat types, especially ground beef and pork 
chops in high 0 2 , coincided with the attainment of high 
numbers of B. thermosphaaa. For ground beef, storage 
in the CO mixture retarded growth of B. thermosphaaa 
even more than storage in chub packs. At chill tem- 
peratures above 1°C, B. thermosphaaa often causes 
spoilage of meat stored in high 0 2 atmospheres (Dainty 
& Mackey, 1992). High concentrations of C0 2 , removal 
of 0 2 and low storage temperature inhibit the growth of 
B. thermosphaaa (Gill, 1996; Nissen, Serheim, & 
Dainty, 1996). Pseudomonads probably contributed to 
the off-odours of ground beef. Meat in high 0 2 is often 
spoiled by Pseudomonas spp., but the growth of pseudo- 
monads is retarded under anaerobic conditions (Dainty . 
& Mackey, 1992; Gill, 1996). A shift in the metabolism 
of lactic acid bacteria under aerobic conditions can also 
produce off-odours (Nissen et al., 1996). In the present 
experiments, the numbers of coliforms or £. coli did not 
exceed log I0 3 CFU/g or cm 2 in any samples. Therefore, 
those organisms probably did not contribute to off- 
odours. 

For pork chops, the effect of CO on the microflora 
can be evaluated because the gas compositions of the 
CO mixture and of the mixture with O2 absorber were 
identical, except for the inclusion of 0.4% CO in the 
former. Although a 4 day increase in the time to develop 
off-odours was observed with the CO mixture, there was 
no significant reduction in the microbiological counts. 
Luno et al. (1998) used 1% CO in high O z atmospheres 
and noted a delay in the onset of off-odours without any 
reduction in the numbers of psychrotrophic bacteria. 
However, Clark et al. (1976) found that the addition of 



• has little or no direct effect on the growth of bacteria. 
Other studies have shown that increasing the C0 2 con- 
centration from 20 to 100% increases the bacteriostatic 
effect of the gas, but the efficiency is highly dependent 
on low storage temperatures (Gill & Molin, 1991; Nis- 
sen et al., 1996). The high C0 2 concentration and 
absence of 0 2 in the CO mixture will favour the growth 
of lactic acid bacteria, which usually cause a mild form 
of spoilage only late in the development of the spoilage 
flora (Gill, 1996). 

The present experiments were performed at accep- 
table and abusive storage temperatures to assess the 
effects of temperatures commonly encountered in the 
distribution and sale of retail-ready meat. The storage 
temperature strongly affected the rates of growth of 
microflora and the time to develop off-odours. Conse- 
quently, independently of the packaging method, the 
shelf life of meat can be considerably extended by 
maintaining low temperatures in the chill chain (Gill & 
Molin, 1991; Nissen et al., 1996). 

4.2. Colour 

The CO mixture gave a stable bright or light bright 
red colour with consistent high a* values for all three 
products, irrespective of the storage temperature. The 
initial level of residual 0 2 » up to 0.5%, did not adversely 
affect the visual scores and instrumental values for the 
colour of meat stored in the CO mixture. 

CO binds to myoglobin and forms cherry red car- 
boxymyoglobin (El-Badawi et al., 1964). This pigment is 
spectrally similar to the bright red oxymyoglobin which 
normally develops at the surface of fresh meat in air. 
Carboxymyoglobin is less readily oxidized to brown 
metmyoglobin than is oxymyoglobin, because of the 
strong binding of CO to the iron-porphyrin site on the 
myoglobin molecule (Lanier, Carpenter, Toledo, & 
Reagan, 1978; Wolfe, 1980). Consequently, CO in con- 
centrations of 0.5-2.0% enhances and stabilizes a bright 
red colour of meat (Kropf, 1980; Serheim et al., 1997a). 
In a recent study, 1% CO in combination with 24 or 
70% 0 2 stabilized the colour of beef by reduced forma- 
tion of metmyoglobin after storage at 1°C for up to 29 
days (Luno et al., 1998). However, in a study of beef 
stored in a MA of 2% CO/78% CO2/20% N 2 , the col- 
our of the meat was characterized as "too artificial" by 
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a sensory panel (Renerre & Labadie, 1993). From our 
studies and experience from the Norwegian meat 
industry, 0.4% CO seems sufficient to produce a stable, 
attractive, bright red colour of meat. 

All three meat types stored in high 0 2 were bright red to 
red with high a* values early in the storage periods, 
approaching the colour of meat in the CO mixture. As the 
microbiological counts of meat in high 0 2 increased, the 
colour deteriorated, faster at 8 than at 4°C. Meat stored in 
a MA of high 0 2 develops a thicker layer of oxymyoglobin 
than meat stored in air (Renerre & Labadie, 1993). How- 
ever, the oxymyoglobin gradually oxidizes to metmyoglo- 
bin, and the oxidation is faster at higher temperatures. 

For cut bone, haemoglobin released from disrupted 
red blood cells in the marrow will accumulate at the 
surface and ultimately become black after the bone has 
been exposed to air or 0 2 (Gill, 1996). Although bone 
blackening was not considered in the present visual col- 
our evaluation, it can negatively affect the saleability of 
bone-in meat at retail display. The cut bones of pork 
chops stored in high 0 2 blackened during storage, but 
this discoloration was not observed on bones in the CO 
mixture and the mixture with 0 2 absorbers. 

Beef loin steaks stored in vacuum packs were slightly 
discoloured with low a* values at both 4 and 8°C. In 
these packs, meat juices were observed between the 
upper and lower films, but that did not influence the 
colour evaluations. 

0 2 absorbers in packs with high C0 2 facilitate the 
removal of residual 0 2 and maintain atmospheres free 
of 0 2 during storage (Smith, Abe, & Hoshino, 199S). 
Low levels of residual 0 2 , above 0.01-0.15% for beef 
and 0.5-1.0% for pork, will inevitably discolour the 
meat (Penney & Bell, 1993; Gill, 1996; Serhcim et al. v 
1997b). When no CO is present in an 0 2 depleted MA, 
it is essential to remove the residual 0 2 as fast and 
completely as possible to avoid formation of metmyo- 
globin. In these experiments, pork chops stored in the 
gas mixture with 0 2 absorbers were moderately dis- 
coloured during the whole storage period at 4 or 8°C. 
Despite the obvious visible differences, these chops had 
similar a* values to the chops in high 0 2 . The dis- 
coloured surface made the chops unfit for sale, even in 
the early stage of storage. The present findings contrast 
with previous results, where the colour of porcine m. 
longissimus thoracis et lumborum was significantly 
improved by using 0 2 absorbers in MAs of C0 2 with 
residual 0 2 (Sarheim et al., 1997b). The present dis- 
coloration could be caused by incomplete use or function 
of the absorbers (Gill. 1996). 

4.3. Benefits and disadvantages of a MA with low CO I 
high CO, 

An objection raised against using CO as a small 
component of a MA for retail-ready meat is the possi- 
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bility that the colour stability can exceed the micro- 
biological shelf life, with the risk of masking spoilage of 
the meat (Kropf, 1980). Therefore, the consumer must 
evaluate the microbiological condition of meat in a CO 
mixture by off-odours. When a MA with CO is applied 
commercially, it is important to have a proper control 
of the hygienic condition of the meat raw materials and 
the chill chain temperatures. 

CO used in concentrations below 1.0% does not pre- 
sent any hazard to the consumer, because consumption 
of meat packaged in such concentrations of CO will 
result in only negligible levels of carboxyhaemoglobin in 
the blood of consumers (Sorheim et al., 1997a). By 
delivering CO in a 1% mixture with 99% N 2 , which is 
the practice of Norwegian gas suppliers, CO is con- 
sidered safe for use in the working environment. Other 
MAs with high levels of 0 2 , up to 70%, must be regar- 
ded as explosive gas mixtures, which must be used with 
appropriate precautions for safety (Luno et al., 1998). 

The suitability of gas mixtures and packaging meth- 
ods for red meats for retail display depends on their 
ability to both reduce spoilage and stabilize colour. Gas 
mixtures with low concentrations of CO and high con- 
centrations of C0 2 provide a combination of a long 
microbiological shelf life and a stable, bright red colour 
of meat. Meat packaged in a MA with high 0 2 can 
achieve an initial bright red colour, but the micro- 
biological shelf life and the colour stability are both 
considerably lower than those of meat in the CO mix- 
ture. Using CO eliminates the need to have 0 2 as a 
component of the MA. Other MAs and packaging 
methods, like high C0 2 with 0 2 absorbers, chub packs 
and vacuum packs may give a shelf life comparable to 
that of the CO mixture, but with a less acceptable col- 
our or appearance of the meat. Thus, there appears at 
present to be no fully satisfactory alternative to the CO 
mixture used in packaging of retail-ready red meats in 
Norway. 
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32 and 45° F. and in their normal distribution containers, that 
is, baskets, crates and boxes. Products so stored had a shelf 
life of from three to five times that of air-stored food held 
at the same temperature. The results of one such study involving 
apples storeo in air versus apples stored in conventional con- 
trollea atmosphere versus apples stored in combustion product 
gas are presented in the attached table. It will be noted 
that apples stored in combustion product gas had firmer flesh 
and a lower incidence of scald than did apples stored either 
in air or conventional controlled atmosphere even though the 
apples in combustion product gas were in storage for a loneer 
period of time. 6 

The combustion product gas under study at Whirlpool 
would most likely be used in the following general areas: 

1. Fresh fruit and vegetable storage 

2. Processors - storage, packaging and processing 

3. Transportation 

Because of these diverse applications, our petition 
requests approval for fruit and vegetable "products" as well 
as the natural, original raw fruits and vegetables. 

To expand on the use of combustion product gas by 
fooa processors, the following examples are presented: 

1. Storage of fruits and vegetables in order to 
have better quality control, improve yield 
and extend packaging season. 

2. Packaging of processed foods in inert gases, 
i. e., nitrogen and/or carbon dioxide to 
prevent oxidative changes that may develop 
during storage. 

3. Use of gas mixtures in certain processing 
steps as a "blanket" to keep out oxygen and 
prevent the associated undesirable changes. 
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Division of Dockets Management (HFA-305) 
Food and Drug Administration 
Department of Health and Human Services 
Room 1061 
5630 Fishers Lane 
Rockville, MD 20852 

Citizen Petition 

A. Action Requested 



dm AM AnQ ^Ci tt zen p etihon is submitted by Kalsec, Inc. ("Kalsec") under Sections 201, 
In ™ L 12 ) ° f F ° 0d ' ^ md Cosmet »c Act ("FDCA" or "the Act") and Section 

10.30 of the Food and Drug Administration's ("FDA") implementing regulations. Kalsec 
produces spice, herb, hop, and vegetable extracts for use in food, beverage, and pharmaceutical 
applications. By this Citizen's Petition, Kalsec requests that FDA take immediate action to 
prohibit the use of carbon monoxide in the packaging of fresh meat, including to terminate the 
agency s unlawful responses to the Generally Recognized As Safe ("GRAS") notifications 

rrpl? P ^x T T^ d PreCept F ° 0ds ' mc ' GRAS Notice Nos - GRN O0 °083 and 000143 
( CRN 83 and GRN 1 43' ), and taking all such farther actions as are necessary to effectively 
implement and enforce an immediate ban on carbon monoxide in fresh meat packaging in 
coordination with USDA Food Safety and Inspection Service ("FSIS"). Kalsec advocates the 
actions requested to prevent serious harms to public health and consumer confidence in the 
integrity of the U.S. meat supply. 1 

B. Statement of Grounds 

1 • The Pactiv and Precept GRAS Notifications 

FDA has failed to object to GRAS notifications for the unlawful use of carbon 
monoxide to impart color to fresh meat products. On February 21, 2002, FDA responded to a 

' ft »s well established that carbon monoxide has effects on the color of fresh meat See ez 
scientific literature cted at note 91, infra, and attached as Attachments 16-18; see also "Parogen 
hioculation Study of Ground Beef Under Modified Atmosphere Package (MAP) Condition^" 

coU of^° neS ^ C , (N0VembCT l i\ 2 °° 5) ' examinin 8 Ae effects of ca * on m °™<ide on die 
color of fresh meat under a variety of laboratory conditions (Attachment 1). 

Address: Telephone* P 

&SSSf SSSSS lTS~ 

3713 Wes! Main Si WeD - Customer Service 269-349-1195 6 ° 8234 

Kalamazoo, Ml 49006 www kalse<- com Purcnasmg 269-349- 1 558 

Accounting 269-349- 1 558 



November 15,2005 
Page 2 



GRAS notification submitted on behalf of Pactiv Corporation ("Pactiv"), 2 informing FDA of its 
GRAS determination for the use of carbon monoxide gas, at levels of 0.4 percent, to displace 
oxygen inside packaging for fresh, case-ready red muscle meat and ground meat products. 3 The 
FDA "no objection" letter expressly recognizes that the functional purpose of the carbon 
monoxide gas is to impart color to fresh meat, giving it "a desirable red color during storage." 4 

On July 29, 2004, FDA responded to a similar GRAS notification submitted on 
behalf of Precept Foods, LLC ("Precept") 5 informing FDA of its GRAS determination for the 
use of carbon monoxide gas at levels of 0.4 percent to displace oxygen inside packaging for 
fresh, case-ready beef and pork products intended for direct sale to consumers. As in the case of 
the prior Pactiv notification, the FDA "no objection" letter again expressly recognizes that the 
functional purpose of the carbon monoxide is to impart color to fresh meat. 6 

In evaluating the GRAS notifications of Pactiv and Precept Foods, FDA consulted 
with the USDA FSIS under new FDA/USDA joint fast track premarket clearance procedures 
governing the approval of ingredients for meat products. 7 FSIS subsequently issued 
"acceptability determinations" further implementing the unlawful allowance of carbon monoxide 
to impart color to fresh meat products, 8 and FDA also continues to consider and allow expanded 



Letter from Alan M. Rulis, Director, CFSAN, Office of Food Additive Safety, to Eric 
Greenberg, Ungaretti and Harris (Feb. 21, 2002) ("Agency Response Letter to GRAS Notice No. 
GRN 000083"), available at http://www.cfsan.fda.gov/~rdb/ona-gQ83.html . 

3 Under the conditions of use specified in the Pactiv GRAS notification, 0.4 percent carbon 
monoxide gas is blended together with 30 percent carbon dioxide and 69.6 percent nitrogen 
gases in the modified atmosphere packaging ("MAP") system. The case ready meats are 
intended to be removed from the MAP system prior to retail display. No labeling requirements 
are specified under these conditions of carbon monoxide use. Agency Response Letter to GRAS 
Notice No. GRN 000083, at 1 . 

4 Id. at 2. 

^ Letter from Laura M. Tarantino, Director, Center for Food Safety and Applied Nutrition 
("CFSAN"), Office of Food Additive Safety, to Gary J. Kushner and Anne M. Boekman, Hogan 
and Hanson (July 29, 2004) ("Agency Response Utter to GRAS Notice No. GRN 000143") 
available at http://www.cfsan.ffa.gov/~rdb/opa-gl43.html . 
6 Id. at 2. 

' See 65 Fed. Reg. 3330 (May 23, 2000); "Memorandum of Understanding Between The Food 
Safety and Inspection Service United States Department of Agriculture and The Food and Drug 
Administration United States Department of Health and Human Services Regarding the Listing 
or Approval of Food Ingredients and Sources of Radiation Used in the Production of Meat and 
Poultry Products," ("Meat Ingredients MOU") (Jan. 18-31, 2000), available at 
http://www.fda.gov/OHR MS/DOCKETS/98fr/225002QOO.pdf . 

8 See FSIS Directive 7120.1, "Safe and Suitable Ingredients Used in the Production of Meat and 
Poultry Products," Amdt. 5 (October 13, 2005), listing FSIS acceptability determinations 
allowing two carbon monoxide packaging systems by Cryovac and two such systems by Cargill. 
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uses of carbon monoxide in fresh meat packaging based upon its improper responses to the 
Pactiv and Precept GRAS notifications. 

2. Summary of Argument 

This Citizen Petition requests that FDA take immediate action to prohibit the use 
of carbon monoxide to displace oxygen in fresh meat packaging, including by withdrawing the 
agency's responses to the unlawful GRAS notifications submitted by Pactiv and Precept. The 
requested action is necessary to prevent serious harms to public health and consumer confidence 
in the safety and integrity of the U.S. meat supply. The requested ban of carbon monoxide in 
fresh meat packaging is required under FDCA provisions governing the use of color additives, 
food additives, and GRAS substances in food, and related provisions of the Federal Meat 
Inspection Act ("FMIA") governing the suitability of such ingredients in fresh meat products. 10 

The use of carbon monoxide in fresh meat packaging presents serious food safety 
and consumer deception concerns of the same kinds that historically justified the broad-based 
ban on color additives in fresh meat products. Carbon monoxide obscures the natural coloration 
of meat that is indicative of freshness and safety, by reacting with the natural myoglobin in meat 
to produce carboxymyoglobin, a bright red substance that hides the true colors of meat, 
simulating the appearance of freshness and masking meat spoilage. This color-masking effect is 
particularly dangerous in anaerobic packaging environments such as those described in the 
Pactiv and Precept GRAS notifications, which potentially allow the proliferation of pathogens 
such as Clostridium botulinum but inhibit the growth of aerobic spoilage organisms that provide 
the tell-tale signs of spoilage upon which consumers rely, in addition to color change, to 
determine that meat is no longer safe to consume. It is well established under the FDCA and 
FMIA that food ingredients are prohibited under conditions that are unsafe, conceal damage or 
inferiority, or make food appear better or of greater value than it is. 1 1 

The color-imparting effects of carbon monoxide under the conditions of use in 
fresh meat packaging render the substance an unapproved and prohibited color additive. Neither 
FDA nor FSIS has the legal authority to permit the use of carbon monoxide in the packaging of 
fresh meat, in the absence of FDA regulations listing carbon monoxide under FDCA section 721. 
FSIS lacks the authority to make a suitability determination permitting the use of a color additive 
in meat, except where it has first been approved by FDA under FDCA section 72 1 . 1 2 In the case 
of carbon monoxide, not only has FDA failed to issue the rules necessary to approve the use in 
fresh meat packaging, but the agency has also disregarded the explicit prohibition on this very 
use in fresh meat under its own food additive regulations. 



9 See CFSAN/Office of Food Additive Safety, Summary of All GRAS Notices, available at 
http://www.cfsan.fda.gov/-rdb/opa-gras.html . 

10 21 U.S.C. 201, 348, 379e, and 601. 

1 1 21 U.S.C. 342(a),(b)(3)-(4), and 601 (m). 

12 See Meat Ingredients MOU, supra note 8. 



November 15,2005 
Page 4 



Section 173.350 of FDA regulations specifies the conditions in which carbon 
monoxide can be safely used to displace oxygen in food and beverage packaging. This 
regulation authorizes the use of carbon monoxide for all food and beverage products at levels up 
to 4.5 percent, 13 including in meat products, with the sole exception that carbon monoxide is 
categorically prohibited for such use in "fresh meat products." It is well established that the 
specification prohibiting carbon monoxide in "fresh meat" is required under the FDCA because 
of the serious public health risks attributable to the capacity of carbon monoxide to mask 
spoilage and promote consumer deception under these conditions. 

These public health risks and consumer deception implications further mandate 
label declaration of the use of carbon monoxide in fresh meat packaging. Although there are no 
grounds upon which FDA could lawfully allow this use of carbon monoxide, even assuming 
arguendo that FDA had such authority, the agency would be required to implement FDCA 
labeling provisions mandating that the presence and purpose of the carbon monoxide in the 
packaging system be disclosed. 

Because the use of carbon monoxide to displace oxygen in packaging for fresh 
meat products violates a catalog of provisions of the FDCA and runs afoul of the agency's own 
regulations, FDA's failure to object to the Pactiv and Precept GRAS notifications constitutes 
unlawful agency action under the Administrative Procedure Act ("APA"). 15 FDA's Agency 
Response Letters are tantamount to unlawful color additive approvals, for they allow the use of 
deceptive colorants in violation of the FDCA and in the absence of a required color additive 
regulation. 16 The agency's failure to follow the statutorily-mandated procedures for color 
additive approval is an abuse of discretion, for as the Supreme Court has explained, "[i]t is 
rudimentary administrative law that discretion as to the substance of the ultimate decision does 
not confer discretion to ignore the required procedures of decisionmaking." 17 

Moreover, FDA's improper responses expressly allow a use of carbon monoxide 
that is explicitly prohibited by the agency's own food additive regulation at section 173.350, in 
violation of the well-settled rule that an agency must follow its own regulations. 18 As FDA has 
provided no justification for its deviation from that section's prohibition against the use of 
carbon monoxide-containing packaging gases in fresh meat, its Agency Response letters 
represent arbitrary and capricious agency action. Treating similar situations differently is the 



13 21 CF.R. 173.350(b)(1). 

14 21 CF.R. 173.350(c). 

15 See 5 U.S.C. § 706(2). 

16 See 5 U.S.C. § 706(2)(C) & (D) (empowering courts to find unlawful any agency actions in 
excess of statutory limitations or without observance of procedures required by law). 

17 Bennett v. Spear, 520 U.S. 154, 172 (1997). 

18 See, e.g., Mine Reclamation Corp. v. FERC, 30 F.3d 1519, 1524 (D.C. Cir. 1994) 
(characterizing the <4 well-settled rule that an agency's failure to follow its own regulations is fatal 
to the deviant action"). 
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essence of arbitrary and capricious agency action. The Court of Appeals for the District of 
Columbia Circuit has made clear that "[a]n agency must treat similar cases in a similar manner 
unless it can provide a legitimate reason for failing to do so." 19 For these reasons, FDA's failure 
to object to the Pactiv and Precept GRAS notifications is unlawful under the APA. 20 

In view of the serious public health issues presented and the requirements of the 
FDCA and APA, FDA has no legal authority to permit the use of carbon monoxide in fresh meat 
packaging, and the agency's unlawful responses to the Pactiv and Precept GRAS notifications 
must be terminated immediately. 

3. Applicable Legal Standards 

a. Regulatory Framework Governing the Ingredients of Fresh Meat 
Products 

Under a Memorandum of Understanding between FDA and FSIS implemented in 
January, 2000 ("Meat Ingredients MOU"), the two agencies adopted joint procedures permitting 
the expedited approval of meat product ingredients, including color additives, food additives, and 
GRAS substances. 1 The new policy supplanted the longstanding procedures requiring 
independent and sequential premarket clearance first, by FDA, under the requirements of die 
FDCA, and second, by FSIS, under the requirements of the FMIA. 

Under the FDCA, FDA has authority for making safety determinations with 
respect to food ingredients constituting "color additives," "food additives," and substances that 
are "generally recognized as safe" ("GRAS"), including those intended for use in fresh meat. 
Under the FMIA, FSIS has authority for making "suitability determinations" concerning 
ingredients intended for use in meat products. 22 The FSIS "suitability" evaluation considers 
consumer protection issues specific to meat products, and may impose limitations on ingredient 
uses in meat that are not required for more general use in food. FSIS guidance provides that, 
"suitability relates to the effectiveness of the additive in performing the intended technical 
purpose of use, at the lowest level necessary, and the assurance that the conditions of use will not 



19 



Independent Petroleum Ass '« v. Babbitt, 92F.3d 1248, 1258 (D.C. Cir. 1996). See also Kent 
County, Delaware v. EPA, 963 F.2d 391 (D.C. Cir. 1992); Green Country Mobilephone, Inc v 
FCC, 765 F.2d 235, 237 (D.C. Cir. 1985) (same). 

20 

Similarly, FSIS's failure to object to carbon monoxide as unsuitable for the purposes proposed 
in the Pactiv and Precept GRAS notifications contravenes the FMIA, its implementing 
regulations, and established USDA policy, and is likewise unlawful agency action under the 
APA. 

21 Meat Ingredients MOU, supra note 8. 

22 

See 65 Fed. Reg. 3330 and Meat Ingredients MOU, supra note 8. 
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result in an adulterated product or one that misleads consumers." 23 Meat products may include 
only those ingredients that FSB has expressly authorized. 24 

Under well established FSIS policy, ingredients that function in fresh meat to 
conceal damage or inferiority, or give the appearance the product is better or of greater value 
a ,2! J?* 6 are / rohiWteL Consistent with this policy, FSIS not only has declined to 
authorize the use of color additives in fresh meat, 26 but also has issued rules explicitly 

Zrrl ^ US6 ' F ° r ^P' 6 ' despite roA ' s termination that "paprika" is safe, including 
mLt 1h t ^S SeS in f °° d 8Cnerally * FSIS has P f0hibited * e use of paprika in fresh 

i F f S JUS J fiCd reStricti0n ° n P a P rfka 38 " necessarv to assuTe that federally 
inspected meats and meat food products are not adulterated through the use of substances that 

Aey^e "" ia8e ^ mferi ° rity ° r make ±e product a PP ear to be better or of greater value than 

Under FDCA requirements, food ingredients that constitute either "food 

m a hf a°1 color / d _ dit j ves " ™ Prohibited, including in fresh meat products, except where 
nrn!?.!? ^T™** me ingredient to be safe under the conditions of intended use and has 
promulgated regulati ons authorizing such use. 29 Food ingredients that are established to be 

Vo^a^^a * ■ JoiDt Food Safet y 8,1(1 Section Service (FSIS) and 

SSS3?iT* ^ dm,mstr8tI0n (FDA) Approval of Ingredients and Sources of Radiation Used in 
the Production of Meat and Poultry Products," available at ~™on usea in 

http://www.f S is.i,sda g ov/OPPDF7Tdao7FRP,ih s /^ 

24 9 CF.R. 424.21. 

25 See. e.g., 21 U.S.C. 601(m); 9 C.F.R. 424.23. 

L^S ^'f^.P^i; Ae use of color-imparting substances in meat products in the 
I2SiS^J^^ ?I^g ^ ^ 9 CFR - ^M 3 ) C"No *>od ingredient, the Lended 
ZS^d^2? SSfEL?? m ^f^ypoultry product, shall be usedunless such use is 
SPSS? » J ^P 161 1 38 a coIor • • or in a regulation in this chapter ") While 

oectfS bv^S/ 9 C F K R * 42 i 22 < a >< 3 > «ates that colorinfmatter and dyes oCmanTose 
specified by regulation may be used if approved by the Administrator in specific cases this 

casings, this procedure is not a vehicle for approval of colorants to be used in fresh meat. 

generaUvV^/cF^ ^omf 5 £*W P a P rika 0, eoresin for use in coloring foods 

P^P^^'S^S^ ft ° f f ° r ° r ° thCT ^ — g and 

SnSfS ?« ' * ^ A ™ J °8 Dlz,n « *e established policy prohibiting the use of paprika in 
meat on consumer protection and public health grounds). 

IhiLni^ 4 ! ( ^"? n 8 FDA Premarket approval of food additives that are not food contact 
£^tl not a " th0 " zi ng such approval only where there is reasonable certainty that the 
substance is not harmful under the intended conditions of use); 21 U.S.C. 379e (requiring FDA 

Z^t^lrJ^ °H f add !? VeS ' ^ aUth ° ri ^ such listing only'S ™ 
suostance is suitable and safe under the conditions of intended use). 
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GRAS under the conditions of intended use are excluded from the FDCA premarket clearance 
requirements that apply to "food additives" but not from those that apply to "color additives." 
This means that, for a food ingredient that is established to be GRAS under certain conditions of 
use, me food ingredient may lawfully be used under such conditions without an authorizing food 
additive regulation. In contrast, for the same ingredient to be used for color additive purposes, 
FDA must promulgate regulations listing the food ingredient for specified conditions of color ' 
additive use. For example, while the established GRAS status of paprika for seasoning purposes 
eliminates the need for a food additive regulation to authorize seasoning uses, paprika could not 
be used under similar conditions for coloring purposes in the absence of the FDA regulations 
listing paprika specifically for color additive purposes. 30 

The Meat Ingredients MOU implements streamlined premarket clearance 
procedures, but reflects no change in the legal standards governing authorizing the use of food 
additives, color additives, or GRAS substances under the FDCA and FMIA. 31 Under the new 
coordinated FDA/FSIS procedures for expedited food ingredient review, petitions for food 
additives and color additives must be submitted to FDA, which is responsible for promulgating 
regulations authorizing these substances when they are safe under the intended conditions of use. 
Where the intended conditions of use encompass fresh meat products, the MOU provides that 
FDA and FSIS will jointly review petitions, and final FDA regulations will specify appropriate 
restrictions concerning such uses, as recommended by FSIS. 

The Meat Ingredients MOU establishes fast track procedures for agency review of 
GRAS notifications for non-color additive uses in meat products. The coordinated FDA/FSIS 
procedures provide that GRAS notifications that are submitted to FDA be reviewed concurrently 
by FSIS for purposes of making suitability determinations. The MOU provides that the FDA 
letter responding to a GRAS notifier may convey FSIS concerns about the suitability of the 
ingredient use in meat products, and may specify restrictions on use that have been 
recommended by FSIS. 33 Color additives cannot be reviewed under these coordinated 
procedures for GRAS notifications. Under the FDCA, FDA can authorize color additives only 
under conditions that have been determined to be safe and are specified in regulations issued 



21 C.F.R. 73.340 (listing paprika for "the coloring of foods generally, in amounts consistent 
with good manufacturing practice . . ."); see also 21 C.F.R. 73.345 (listing paprika oleoresin for 
color additive purposes). 

31 Meat Ingredients MOU at 4 (stating that "[t]he provisions of this MOU are not intended to 
add to or detract from any of the authorities provided to either FDA or FSIS by the [FDCA or 
FMIA] ... or the regulations promulgated by each agency under such authorities" and "[e]ach 
agency reserves the authority to review, independently of the other, matters of concern to their 
respective authorities."). 

32 Meat Ingredients MOU at 4. 

33 Meat Ingredients MOU at 5. 
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through notice and comment rulemaking procedures. 34 FSIS lacks authority to authorize the 
of any color additive that has not been approved by FDA through this procedure. 35 

4. The FDCA Prohibits the Use of Carbon Monoxide in Fresh Meat 
Packaging 

a. Carbon Monoxide Constitutes an Unapproved Color Additive 

i QAn , J FDCA Section 721 ' ad °P tod under me Color Additive Amendments of 

J3l°A Z t inf f r0hibi !^ ^ me m f00d «» defined conditions of use 

specified n by FDA regu ations "listing" the particular color additive. 36 Currently, there are no 

Stion 72 1 aUth0nZmg USe 0f carbon m °noxide in fresh meat, as required by FDCA 

ma H. k SCCti f ° f ^ FDCA defmes additive " to mean any "substance 

Zniof a r!S S Syn ? e ? • * ° f 0thCTWise derived > or intermediate or final 
change of identity . . and when added or applied to a food . . . or to the human body is 
capable (alone or through reaction with other substance) of imparting color thereto . 

i mnar t i " nd * r r 1,eStobli ^ 

impartcolor torough chemical reactions occurring after the substance is applied under the 

3^°°"? ^ °i ™ e " ™ A hM "P"""* Many chemical ** with mother 
substance and causes formation of a color may be a color additive." 38 For example, FDA has 

5222 t mgredientS of sumess ^8 loti °ns and hair dyes as color additives where 



34 



21 U.S.C. 379e. 



u Jif • ?• M0U ' FSIS authority even to independently authorize the 

use of food ingredients in meat products that are currently approved under FDA rtSSEZ 

™Zt*°? d y nS ? f d ° DOt CXpresS, y ^aTand poultry ^p^ducTlf e MOU 

loucS ^ M^ atlOD d °f n0t fpedficaU y authorize ™* ^d pouTdf 

SZ^fJ^ first , would be quired to obtain a written statement from FDA confuting the 

he safefv of SSSSF ^ d ^™ nation -* «!«»*« » objections wiTre^fct ^ 
me sarety ot me proposed conditions of use in meat products. 



36 21 U.S.C. 371e 



37 21 U.S.C. 321(t)(l). 

rlnSJ'fr' " C ? lt>r A dd j tiV f; FDA ' S ^S^ry ^cess and Historical Perspectives " 
repnnted from Food Safety Magazine (October/November 2003) ("Color Additives^ available 
at http://www.cfefl n.fda.gov/~Hms/col-regu htTn1 V "aoinves h available 

ttJUHi^?" 21 S FR - 732 150 (regulating dihydroxyacetone ("DHA") as color additive where 
fLfltl^f SU k StanC6 ' ^ appUed t0 ^ Skin ' reacts with na tural skin proteins T riulLg S the 
(coSued ) COl ° nng ^ *" Sldn SUrfaCe); 21 C F R - 712396 ^ting leaa aS 
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FDA has also has regulated ingredients of food as color additives when the 
ingredient subsequently participates in color-imparting chemical reactions under the conditions 
of intended use. For example, ingredients of animal feed intended for consumption by poultry 
and salmon have been regulated as color additives where the ingredients participate in metabolic 
reactions which intensify the color of the animal tissues intended for use as human food (e.g., 
intensified gold in egg yolks and red in salmon fillets). 40 

FDA has recognized that ingredients which impart color to meat products through 
chemical reactions with the naturally occurring myoglobin in meat tissues are appropriately 
regarded as "color additives" within the meaning of FDCA section 201(t)(l). Specifically, in 
responding to a citizen petition requesting FDA to regulate nitrites in cured meat under FDCA 
section 721, FDA evaluated the color-imparting effects of nitrite under the "color additive" 
definition of the Act. While concluding that a "prior sanction" authorizing the use of nitrite in 
cured meat ultimately nullified the requirements of FDCA section 721 in this context, 41 FDA 
determined that nitrites did, in fact, "impart color" within the meaning of the color additive 
definition, as a result of reactions occurring with myoglobin. FDA stated, "nitrites 'impart' color 
... by reacting with a substance naturally present in the meat to form a third substance that gives 
the meat a reddish appearance ... The fact that the color given meat by nitrites is similar to the 
natural color of meat does not warrant the conclusion that the effect of nitrites is merely to 'fix,' 
rather man 'impart,' color." 42 



for use in hair dye as color additive); 21 C.F.R. 73.21 10 (regulating bismuth citrate as color 
additive for use in hair dye); see also "Color Additives," supra note 39. 

See, e.g., 21 C.F.R. 73.275 (regulating dried algae meal in chicken feed as color additive to 
enhance the yellow color of chicken skin and egg yolks); 21 C.F.R. 73.295 (regulating 
tagetes/Aztec marigold meal and extract in chicken feed as color additive to enhance the yellow 
color of chicken skin and egg yolks); 21 C.F.R. 73.35 (regulating astaxanthin meal in salmon 
feed as a color additive to enhance the pink to orange-red color of the fish flesh); 21 C.F.R. 
73.1 85 (regulating haematococcus algae meal in salmon feed as a color additive to enhance the 
pink to orange-red color of the fish flesh). 

41 FDA ultimately concluded that the existence of a prior sanction for nitrites established under 
FDCA section 201(s)(4) provided an adequate legal basis for maintaining the established nitrite 
policy. The agency concluded that the long history of safe use of nitrites, the enhanced food 
safety of cured meat products, and consumer familiarity with the distinctive coloration of cured 
meats justified its decision to uphold the nitrite prior sanction. 45 Fed. Reg. 77043, 77045 
(November 21, 1980) (Withdrawal of Proposed Rule). In contrast to nitrites, not only has no 
prior sanction been established for carbon monoxide in fresh meat, but such use in explicitly 
prohibited under section 173.350 of FDA regulations. In addition, carbon monoxide is not used 
to cure meat or otherwise preserve the safety and quality of meat. To the contrary, carbon 
monoxide obscures the natural coloration of meat and gives the appearance of freshness and 
safety when the natural colors would indicate otherwise. 

42 Letter from Donald Kennedy, Commissioner of Food and Drugs, to William B. Schultz 
Public Citizen Litigation Group, at 12 (June 29, 1 979) (Attachment 2). 
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Specifically, FDA determined that, in curing meats, nitrites function to displace 
water molecules that bind naturally to myoglobin, forming nitric oxide myoglobin, which 
imparts a red color to the meat. In contrast, in fresh meat, myoglobin naturally binds with 
oxygen to form oxymyoglobin under ambient conditions. In addition, when cured meat is 
cooked, nitric oxide myoglobin yields nitrosyl hemochrome, which is pink in color. In contrast, 
when fresh meat is cooked, oxymyoglobin yields denatured metmyoglobin, which is brown in 
color. FDA characterized the color imparting effects of nitrites in the context of cooked meat as 
follows, "[w]ere it not for the use of nitrites, the meat would have a brown color after heating 
rather than the pink attributed by the presence of nitrosyl hemochrome. Nitrites thus 'impart* 
color by giving the meat a color after heating that it would not otherwise have." 43 

Like nitrites, carbon monoxide in fresh meat packaging imparts color to meat 
through chemical reactions with the myoglobin naturally occurring in meat tissues. Myogloblin, 
which occurs in the a muscle fibers of living animals, is a biological oxygen carrier like 
hemoglobin, to which it is chemically related. 44 Like the hemoglobin in circulating blood, 
myoglobin functions to deliver oxygen to the tissues of living animals. 45 Just as the redness of 
blood varies with the degree to which hemoglobin is oxygenated, so also does the redness of 
meat vary with the oxygenation of myoglobin. As the myoglobin in fresh cut meat binds 
naturally with oxygen under ambient conditions, oxymyoglobin is formed, and is responsible for 
the red color indicative of fresh meat. Over time, the oxymyoglobin participates in further 
reactions with oxygen, gradually oxidizing to form metmyglobin, which is browner in color. As 
oxidation advances, the freshness and safety of fresh meat decreases in relationship to the 
progressive browning of meat color. Eventually, meat takes on the browned color that 
consumers have long relied upon to indicate that meat is spoiled and unsafe to consume. 

When the oxygen in fresh meat packaging is displaced by carbon monoxide, the 
natural coloration provided by meat pigments is masked. Carbon monoxide binds firmly to 
myoglobin sites that otherwise would be bound more gently by oxygen, forming 
carboxymyoglobin in place of oxymyoglobin. Carboxymyoglobin imparts an intense red color 
to the meat which, in contrast to oxymyoglobin, resists the further reactions with oxygen that 
would form metmyoglobin. In this regard, carbon monoxide is categorically different from 
antioxidant color preservatives, which simply inhibit the oxygenation of myoglobin in meat, 
rather than reacting with the myoglobin to form a new chemical substance. 

Just as breathing carbon monoxide endangers living animals through its stubborn 
displacement of oxygen in circulating hemoglobin, adding carbon monoxide to fresh meat 
endangers consumers by stubbornly displacing oxygen in meat myoglobin. Carboxymyoglobin 
imparts a sustained bright red color to meat that simulates the appearance of freshness and safety 
in meat when the natural pigments would warn consumers otherwise. 



43 44 Fed. Reg. 75659, 75660 (December 21, 1979) (Proposed Rule). 

44 Encyclopedia of Chemical Technology, Vol. 14, at 895 (4th Ed. 1995). 

45 A*, Vol. 16, at 765. 
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b. The Pactiv and Precept GRAS Notifications Cannot Support Fast 
Track Listing of Carbon Monoxide for Color Additive Purposes 

While the proviso at section 721(b)(4) provides for fast-track FDA approval for 
color additives where FDA previously has determined the ingredient to be GRAS, the 
abbreviated procedures have no application in the context of carbon monoxide use in fresh meat 
packaging. Section 721(b)(4) provides that, "a color additive shall be deemed to be suitable and 
safe for the purpose of listing under this subsection for use generally in or on food, while there is 
in effect a published finding of the secretary declaring such substance exempt from the term 
'food additive' because of its being generally recognized by qualified experts as safe for its 
mtended use, as provided in section 201 (s)." This proviso was adopted to ensure that redundant 
regulatory approval procedures would not be compelled by the Color Additive Amendments 
made to the FDCA in 1960 for such common household food ingredients as salt, vinegar and 
natural spices, which FDA had determined were GRAS. 46 Indeed, in FDA's responses to other 
GRAS notifications for substances whose use may constitute that of a color additive in certain 
applications, the agency makes clear that although some uses may be GRAS, other uses of the 
same substance will require premarket review, approval, and listing as a color additive. 47 

Section 721(b)(4) never was intended to provide fast track approval for such 
substances as carbon monoxide, which have historically been banned for use in fresh meat, much 
less lacking any history of safe use in such food. In addition, even if the unlawful Pactiv and 
Precept GRAS notifications were valid, they would provide no lawful basis for fast track listing 
of carbon monoxide for color additive uses in fresh meat products. FDA has repeatedly 
emphasized that the agency's "no objection" letter responding to a GRAS notification does not 
constitute an FDA "published finding" that an ingredient is GRAS, for purposes of FDCA 
section 721(b)(4). Moreover, even where FDA has, in fact, issued a "published finding" of 
GRAS status, the provision makes no change in the standards for safety and suitability that must 
be satisfied for a color additive to be approved by FDA. Neither section 721 nor any other 
FDCA provision authorizes FDA to list a color additive that is unsafe or promotes consumer 
deception under the conditions of intended use. 

In sum, the FDA lacks the legal authority to condone the GRAS status of carbon 
monoxide uses in fresh meat packaging. The FDCA obligates FDA to withdraw its responses to 
the GRAS notifications submitted by Pactiv and Precept and prohibit all such use of carbon 

46 See H.R. Report No. 86-1761, at 15 (1960) ("House Report"). 

See. e.g letter from Laura M. Tarantino, Acting Director, CFSAN Office of Food Additive 
Safety, to George A. Burdock, Ph.D., Burdock Group (February 7, 2005), at 4, available at 
http://www.cfsan.fda.gov/~rdh/0Da-gl 56 html (Agency Response Letter to GRAS notice for 
tomato lycopene extract). 

48 See. e.g letter from Laura M. Tarantino, Acting Director, CFSAN Office of Food Additive 
SfrpS SSiES?" C ^ no "S Com - (Oct. 6, 2003), (Agency Response Letter to GRAS Notice 
No. GRN 000127), n.2, available at http://www.cfsan.fda.gov/~rdb/oDa-g 1 27 html ("n 0 
questions" response "does not constitute a 'finding of the Secretary' within the meaning of 
section 72 1 (b)(4) of the [FDCA]"). 5 
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monoxide in the absence of authorizing color additive regulations. Even if such color additive 
petitions were submitted, however, FDA would be unauthorized to list carbon monoxide as a 
color additive for use in fresh meat. Carbon monoxide fails to meet the statutory criteria of 
safety and suitability, as established for color additives under FDCA section 721. 

c. The Use of Carbon Monoxide in Fresh Meat Packaging Cannot 

Satisfy the Safety and Suitability Requirements for Color Additive 
Listing 

Section 721(b)(1) of the FDCA authorizes FDA to promulgate a regulation listing 
a color additive for use in food only "if and to the extent that such additives are suitable and safe 
for any such use when employed in accordance with such regulations." 49 Further, section 
721(b)(6) prohibits FDA from listing a color additive for a proposed use if that use **would 
promote deception of the consumer in violation of this Act or would otherwise result in 
misbranding or adulteration within the meaning of this Act/* 50 These provisions operate both 
independently and in conjunction to prohibit the listing of carbon monoxide for use in fresh meat 
packaging, for this use is neither safe nor suitable precisely because it promotes deception that 
results in serious food safety concerns. 

i Colorants for Meat Have Never Been Approved by FDA or 
FSIS, Because They Would Promote Deception by Making 
Meat Appear Fresher Than It Is 

Ensuring prevention of deception was an overarching principle behind the Color 
Additive Amendments, as revealed in the text and legislative history of those amendments, FDA 
implementing regulations, and interlocking FSIS meat additive regulations and suitability 
determinations. Significantly, Congress and FDA's predecessor agency were particularly 
concerned about the use of deceptive colorants in meat. "Examples of coloring practices that 
would promote deception of the consumer in violation of the basic act were cited by the 
Secretary of Health, Education, and Welfare as follows: ... (4) the use of artificial color in stale 
red meat to make it appear fresh." 51 Additionally, Section 204 of those Amendments mandates 
that t4 [n]othing in this Act shall be construed to exempt any meat or meat food product, poultry 
or poultry product, or any person from any requirement imposed by or pursuant to the Meat 
Inspection Act of March 4, 1907, 34 Stat. 1260, as amended or extended . . . " 52 Thus, although 
the use of carbon monoxide in fresh meat packaging is relatively new, it gives rise to the precise 
type of deception anticipated and opposed by the drafters of the Color Additive Amendments. 



ay 21 U.S.C. 379e(b)(l). 

50 21 U.S.C. 379e(b)(6). 

51 House Report at 17. 

52 Pub. Law 86-618, 71 Stat. 441. 
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No coloring agents are authorized for use in fresh meats in FSIS's regulations 
enumerating substances permitted for use in meat and poultry products. 53 To the contrary, 
additives that have been recognized to impart color to fresh meat have been affirmatively 
prohibited. The prohibition against colorants in fresh meat dates back to even before the 
enactment of the Color Additive Amendments of 1960. Before that time, colorants in meat were 
prohibited under the adulteration provisions of the FDCA and FMIA, 55 upon which the 
antideception provisions of the Color Additive Amendments were derived 56 and which continue 
to function as an alternative statutory basis upon which colorants in fresh meat are prohibited. 
For example, the ban on the use of sodium sulfite in meat products 57 has been documented as 
early as 1943, when FDA explained that "[d]ue to the effect of sulfites on meat products, that is, 
old and dull colored meat can be rendered red and fresh looking, we are of the opinion that its 
use in meat is likely to render such meat adulterated under the provisions of the Food, Drug, and 
Cosmetic Act in that damage and inferiority are concealed or the product made to appear better 
or of greater value than it is.'* 58 FSIS has never wavered from this position, and in its press 
release regarding a 1998 criminal action securing felony sentences for violators who used 
sodium sulfite, FSIS emphasized that "[s]odium sulfite is banned as a preservative in meat and 
poultry products because it masks the spoilage and color change due to aging." 59 FSIS banned 
the use of paprika for this same reason, explaining that the spice "preserves] the red color 



53 9 C.F.R. 424.21(c); see also FSIS Directive 7120.1. 

54 See 9 CF.R. 424.23(a). 

55 21 U.S.C. 342(b)(3)&(4), 601(m)(8) (providing, in relevant part, that a food is adulterated "if 
damage or inferiority has been concealed in any manner; or if any substance has been added 
thereto or mixed or packed therewith so as to . . . make it appear better or of greater value than it 
is."). 

56 See House Report at 16-17 (explaining that, with respect to Section 721(b)(6), "[i]t should be 
emphasized that we are dealing here solely with deception which would violate the law," and 
citing sections 402(b)(3) & (4) of the FDCA as the relevant statutory provisions implicated by 
721(b)(6)). 

57 9 C.F.R. 424.23(a)(3) (prohibiting the use of sulfurous acid and salts of sulfurous acid in or on 
any meat because they conceal damage or inferiority or make products appear of better or of 
greater value than they are). 

58 

See letter from Joseph Callaway, Jr., Acting Chief, Division of State Cooperation, to Wayne 
B. Adams, Acting State Food and Drug Commissioner, Nevada, October 14, 1943, at 3 
(Attachment 3). Notably, that letter acknowledged that a number of state laws prohibited the use 
of sulfites in sausage at that time, even where the additive was allowed in other foods, because 
"it has been generally held that the use of sulfites in meat and meat products violates a provision 
in most food laws against the use of any substance to conceal damage or inferiority or cause the 
product to appear of better or greater value than it is " Id at 1. 

59 See http://www.fsis.usda.gov/oa/news/1998/cr98-10.htm. 

60 9 CF.R. 424.23(a). That rule also prohibits the use of sorbates because their use "conceals 
damage and inferiority, i.e., the fact that the products are decaying because of bacterial action, 
and makes the products appear better and of greater value than they are in view of their 
(continued...) 
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characteristic of fresh meat even after the articles have begun to spoil, and thereby conceals 
damage or inferiority and makes them appear to be better and of greater value than they are/' 61 

There is no conceivable distinction between the effect of sodium sulfite or paprika 
and that of carbon monoxide on fresh meat. To allow carbon monoxide in fresh meat packaging 
would constitute an unjustifiable departure from prior regulatory action on additives serving a 
virtually identical function. Carbon monoxide has similarly been shown to mask spoilage and 
color change due to aging by imparting an artificial red color that mimics that of fresh meat. The 
chemical thereby conceals damage and inferiority and makes meat appear to be of greater value 
than it is, within the meaning of the adulteration provisions of the FDCA and FMIA. As such, 
carbon monoxide in fresh meat packaging would promote consumer deception. Accordingly, 
FDA is prohibited by section 721(b)(6) of the FDCA from listing carbon monoxide for use in 
fresh meat packaging as a color additive. 

This is precisely the conclusion reached by FSIS during the course of its review of 
the Precept GRAS notification. In a letter from the director of FSIS's Labeling and Consumer 
Protection Staff to FDA's Office of Food Additive Safety, FSIS explained: 

The Precept Foods MAP system stabilizes the color of the meat 
and, therefore, by affecting one of the sensory properties (i.e., 
appearance) used in assessing the quality of a meat product has the 
potential to mislead consumers into believing that the product they 
are purchasing is fresher than it actually is. 



In summary, it is our opinion that the use of the Precept Foods 
MAP system described in GRAS Notice No. GRN 000143 for use 
with case-ready fresh cuts of meat and ground meat could 
potentially mislead consumers into believing that they are 
purchasing a product that is fresher or of greater value than it 
actually is and may increase the potential for masking spoilage. 62 

The FDA public record produced in response to a Freedom of Information Act ("FOIA") request 
is devoid of an explanation of why its Agency Response Letter to the Precept GRAS notification, 
issued only three months after FSIS expressed the conclusions above, states that FSIS concluded 
that the Precept MAP system is acceptable for packaging fresh meat. 63 In any event, whatever 



decomposing condition." 35 Fed. Reg. 15552, 15553 (October 3, 1970) (Revision Pursuant to 
Wholesome Meat Act). 

61 33 Fed. Reg. 1 5027 (October 8, 1968) (Proposed Rule). 

62 Letter from Robert C. Post, Ph.D., Director, Labeling and Consumer Protection Staff, to Dr. 
Lane Highbarger, Office of Food Additive Safety, CFSAN, FDA, April 28, 2004 (Attachment 4). 

63 Agency Response Letter to GRAS Notice No. GRN 000143, at 3. 
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transpired during that narrow time period cannot justify a determination that the use of carbon 
monoxide is generally recognized as safe, as a matter of law. 

ii. FDA Has Failed to Demonstrate that Carbon Monoxide in 
Fresh Meat Packaging Would Be Safe Under Actual 
Conditions of Use 

A central intent of Congress in enacting the Color Additive Amendments was to 
ensure that such additives will be safe under actual conditions of use. The legislative history 
emphasizes the overarching "safe for use" principle, which is the "scientifically sound principle 
that we n«jst consider conditions of use when passing on suitability and safety of a color 
additive.' FDA is required to consider actual conditions of consumer use when evaluating a 
color additive, and must have concrete evidence that the additive will be used safely. The House 
Report explains that a color additive may be listed for use only when it is shown that it may be 
safely used under the conditions prescribed by regulation. 65 Moreover, the regulatory definition 
of "safe" with respect to color additives "means that there is convincing evidence that establishes 
with reasonable certainty that no harm will result from the intended use of the color additive." 66 

Neither FDA nor FSIS have evidence establishing that carbon monoxide in fresh 
meat packaging is safe under the actual conditions of use. To the contrary, the evidence 
demonstrates that the use of carbon monoxide in anaerobic packaging systems for fresh meat 
poses genuine food safety risks under real-world conditions. Significantly, even FDA itself has 
emphasized the substantial food safety concerns that accompany foods - particularly meats - 
packaged with oxygen-displacing gases, such the carbon monoxide-containing modified 
atmospheres that are the subjects of GRN 83 and 143. 67 

FDA has devoted a portion of its Food Code to the subject of reduced oxygen 
packaging ("ROP"). The agency explains that an "anaerobic environment, usually created by 
ROP, provides the potential for growth of several important pathogens." 68 Specifically, "[i]f 
products in ROP are subjected to mild temperature abuse, i.e., 5°-12°C (41°-53°F), at any stage 
during storage or distribution, foodborne pathogens, including Bacillus cereus. Salmonella spp., 
Staphylococcus aureus, and Vibrio parahaemolyticus can grow slowly. Marginal refrigeration ' 
that does not facilitate growth may still allow Salmonella spp., Campylobacter spp., mi Brucella 
spp. to survive for long periods of time." 69 



64 S. Report No. 86-795, at 4 (1959). 

65 House Report at 25 (emphasis added). 

66 21 C.F.R. 70.3(i). 

67 Food and Drug Administration, Food Code 544 (2005) ("ROP [reduced oxygen packaging] 
which provides an environment that contains little or no oxygen . . . raises many microbiological 
concerns."). 6 

68 Id. at 546. 

69 Id. at 547. 
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Of particular concern in ROP are Clostridium botulinum and Listeria 
monocytogenes. FDA emphasizes, 

If present, C. botulinum could potentially grow and render 
toxigenic a food packaged and held in ROP because most other 
competing organisms are inhibited by ROP. Therefore, the food 
could be toxic yet appear organoleptically acceptable. This is 
particularly true of psychrotrophic strains of C botulinum that do 
not produce tell-tale proteolytic enzymes. Because botulism is 
potentially deadly, foods held in anaerobic conditions merit 
regulatory concern and vigilance. 70 

Despite the agency's cautionary language in the Food Code, FDA has failed to exhibit 
appropriate regulatory concern and vigilance in failing to object to the proposed use of carbon 
monoxide in anaerobic packaging for fresh meat. No material distinction exists between fresh 
meats packaged in ROP at retail and fresh meat packaged pursuant to GRN 83 and GRN 143 
such that FDA could reasonably ignore the safety concerns it stresses in the Food Code. Yet, 
there is no indication that the agency considered imposing, as a condition for safe use of carbon 
monoxide in anaerobic fresh meat packaging, any of the safety barriers it emphasized in the Food 
Code for ROP-packaged products, including meat. Most notably, FDA repeatedly expresses the 
need for temperature control where ROP-packaged products such as fresh meat are not treated to 
prevent microbial contamination. 71 The agency would mandate that all foods in ROP which rely 
on refrigeration as a barrier to microbial growth bear the statement, on the principal display panel 
in bold t^pe on a contrasting background, "Important - Must be kept refrigerated at 5°C 
(41 °F)." Inexplicably, however, FDA imposed no such refrigeration statement as a condition 
of safe use of carbon monoxide in anaerobic packaging for fresh meat. 

As a practical matter, however, such a refrigeration advisory would have little 
effect, given fact that temperature abuse, both during distribution and consumer handling of fresh 
meat, and related food safety concerns are well documented. 73 Such abuse is compounded for 



70 Id. at 548. 

71 Id. ("Processors of products using ROP should be cautious if they plan to rely on refrigeration 
as the sole barrier that ensures product safety. This approach requires very rigorous temperature 
controls and monitored refrigeration equipment. If extended shelf-life is sought, a temperature 
of 3.3°C (38°F) or lower must be maintained at all times to prevent the outgrowth of C 
botulinum and the subsequent production of toxin."). 

72 Id. at 551. 

73 See, e.g., Labuza, T.P. and Fu, B., "Use of Time/Temperature Integrators, Predictive 
Microbiology, and Related Technologies for Assessing the Extent and Impact of Temperature 
Abuse on Meat and Poultry Products, 15 J. Food Safety 201-227 (1995) (Attachment 5), at 202 
("Unfortunately, the existing distribution channel is not well equipped for the optimum control of 
temperature during the distribution and display of refrigerated foods. Temperature abuse is 
common throughout the distribution and retail markets, with the temperature in 21% of 
household refrigerators often higher than 10°C. Recent data suggested that 33% of retail 
(continued...) 
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meals packaged in modified atmospheres with an intended longer shelf life, which provides more 
opportunities for the food to encounter abusive temperature variation during distribution and 
storage, thereby increasing the likelihood of microbial spoilage. 74 FDA acknowledges that 
"[t]emperature abuse is common throughout distribution and retail markets." 75 The agency cites 
published surveys indicating that refrigeration practices at retail need improvement, and 
cautioned that "[i]t must be assumed ... for purposes of assessing risk, that occasionally 
temperatures of 10°C (50°F) or higher may occur for extended periods" in warehouses and 
transport vehicles in U.S. distribution chains. 76 

Of even greater concern are consumer handling practices. FDA observes that 
"[consumers often cannot, or do not, maintain adequate refrigeration of potentially hazardous 

foods at home Under the best of circumstances, home refrigerators can be expected to 

range between 5° and 10°C (41°-50°F)." 77 Thus, while the need for strict temperature control 
has been emphasized where fresh meat is packaged with oxygen-displacing gases, 78 including 



refrigerated foods were held in display cases above 7°C and 5% were held above 13°C. 
Temperatures were even higher in southern market regions. Serious microbial stability problems 
exist because of the frequency of temperature abuse.") (citations omitted). 

74 See, e.g., Farber, J.M., "Microbiological Aspects of Modified-Atmosphere Packaging 
Technology - A Review," 54 J. Food Protection 58-70 (January 1991) (Attachment 6), at 58 
(stating that microbiological safety issues have been raised about modified-atmosphere packaged 
foods mainly because of "the feet that the extended shelf life of many MAP products may allow 
extra time for . . . pathogens to reach dangerously high levels in a food"). 

75 FDA Food Code, supra note 68, at 547. 

76 Id.; see also Greer, G.G., et ai, "Evaluation of the Bacteriological Consequences of the 
Temperature Regimes Experienced by Fresh Chilled Meat During Retail Display," 27 Food 
Research Int'l 371-377 (1994) (Attachment 7) (reporting survey of commercial retail cases 
finding that recommended temperatures of 4°C or below cannot be maintained throughout 
existing retail cabinets). 

77 FDA Food Code, supra note 68, at 550. 

78 

See, e.g., Lambert, A.D., et ai, "Shelf Life Extension and Microbiological Safety of Fresh 
Meat - A Review," 8 Food Microbiology 267-297 (1991) (Attachment 8), at 272 (the data 
"emphasizes [sic] the need for strict temperature-control of meat packaged under modified 
atmospheres" because such packaging "favors the growth of potential pathogenic Clostridia 
under temperature abuse conditions"); see also Farber, supra note 74, at Table 1 (listing among 
the potential disadvantages of MAP the fact that temperature control is necessary); Nissen, H., et 
al. , "Comparison Between the Growth of Yersinia enterocolitica, Listeria monocytogenes, 
Escheria coli 01 57:H7 and Salmonella spp. in Ground Beef Packed by Three Commercially 
Used Packaging Techniques," 59 Int'l. J. Food Microbiology 21 1-220 (2000) (Attachment 9), at 
212 (finding that Salmonella strains in inoculated ground beef stored at 10°C for 5 and 7 days 
grew to a higher number in a high carbon dioxide/low carbon monoxide gas mixture than in a 
high oxygen mixture, and stating that in such systems, "[a]t abuse temperatures (>8°C) 
Escherichia coli Ol 57:H7 and Salmonella spp. also may grow and increase the health risk to the 
consumers."). 
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carbon monoxide, the reality is that the necessary temperature criteria to ensure safety cannot be 
satisfied under actual conditions of use. 

Given FDA's extreme vigilance over anaerobic packaging in other contexts, it is 
perplexing that the agency failed to impose strict controls on the use of carbon monoxide and 
other gases to displace oxygen in fresh meat packaging. With regard to low-acid and acidified 
canned foods, where the anaerobic environment can allow Clostridium botulinum spores to 
flourish, FDA imposes extensive regulations articulating the equipment, controls, manufacturing, 
processing, and packing procedures which are required to ensure the production of a safe 
product. Yet in response to carbon monoxide-containing anaerobic packaging for fresh meat, 
which is known to potentially host a wide range of pathogens, including Clostridium botulinum, 
FDA has imposed no production controls whatsoever, and has failed even to require labeling 
concerning the need for refrigeration. 

It is difficult to conceive of how the controls necessary to ensure the safe use of 
oxygen-displacing carbon monoxide in fresh meat packaging could be established without the 
promulgation of a food additive regulation, which would provide clear safety criteria to meat 
packagers using the technology and which would also serve as a touchstone for enforcement 
efforts to monitor its safe use. Given the realities of temperature abuse in current meat 
distribution systems, however, even criteria documented by regulation could not be satisfied 
under actual conditions of use. 

Nor are USDA's extensive HACCP criteria sufficient to assure the safe use of 
carbon monoxide to displace oxygen in fresh meat packaging. USDA explains that questions to 
be considered in a hazard analysis include the following: "Is it likely that the food will contain 
pathogens and are they likely to increase during the times and conditions under which the food is 
normally stored before being consumed?" and "Does the method of packaging affect the 
multiplication of pathogenic microorganisms and/or the formation of toxins?'* 0 For fresh meats 
packaged with oxygen-displacing gases including carbon monoxide, the answer to both questions 
is a resounding "yes," suggesting a potential food hazard and revealing the anaerobic packaging 
step to be a critical control point ("CCP"). Yet no appropriate critical limits for preventive 
measures associated with this CCP appear to have been established, as is required under the 
HACCP rule. Significantly, the microbiological performance standards for raw products under 
the HACCP rule involve only Escherichia coli and Salmonella? which are both aerobic 
organisms, for the assumption underlying the establishment of those criteria appears to be that 
the meats will be packaged in oxygen-containing environments. Accordingly, there appear to be 
no process control verification criteria that test for the presence of the anaerobic pathogens of 
concern when meat is packaged without oxygen. 



79 &e21GF.R. 108, 113, 114. 

80 

61 Fed. Reg. 38806, 38815 (July 25, 1996) (HACCP Final Rule). 
81 9 C.F.R. §310.25. 
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The serious food safety concerns about anaerobic packaging are substantially 
magnified when carbon monoxide is included among the oxygen-displacing gases. In such 
packaging systems, not only does the anaerobic environment inhibit aerobic spoilage organisms 
that provide the indications of spoilage to which consumers are accustomed, but the color- 
imparting effect of the carbon monoxide also masks the natural color change of meat due to 
aging and deceptively suggests freshness well past the microbial shelf life of the meat. 

It has been extensively documented that appearance - most notably, meat color - 
is the primary consideration of consumers in selecting meat and judging freshness. 83 By 
imparting a color resembling that of fresh meat, carbon monoxide in meat packaging deprives 



See Labuza and Fu, supra note 73, at 203 ("A major question for chilled and/or MAP meat 
and poultry products is whether organoleptic spoilage due to chemical or microbial action will 
occur before the pathogen numbers or toxin levels become a risk when a product undergoes 
cycling or abuse temperatures/'); see also Hintlian, C.B. and Hotchkiss, J.H., 4 The Safety of 
Modified Atmosphere Packaging: A Review - Do Modified Atmospheres Enhance Pathogenesis 
But Delay Signs of Spoilage?" 40 Food Technology 70-76 (December 1986) (Attachment 10), at 
75 ('The presence of air in packaged foods supports the growth of aerobic spoilage organisms. 
. In refrigerated products, this noxious warning by spoilage organisms is a critical safety factor 
since it serves to alert the consumer of temperature abuse and to prevent the consumption of a 
product which may also contain pathogens. Because anoxic MAs can favor the growth of 
facultative anaerobes and/or obligate organisms, packaging of foods in oxygen-excluded MAs 
could result in the loss of this safety factor."). 

83 

See, e.g., American Meat Science Association Guidelines for Meat Color Evaluation, 
available at httD://www. meatscience.org/Pubs/factsheets/M91 1 0228.p df. at 3 ("The color of 
muscle foods is critically appraised by consumers and often is their basis for product selection or 
rejection."); National Pork Board/American Meat Science Association Facts: Modified 
Atmosphere Packaging (MAP): Microbial Control and Quality, available at 
http://www.Dorkscience. org/ documents/Other/O-MAP-MICROBIAL CONTandOUAL.pdf. at 3 
("Meat color is the single greatest appearance factor that determines whether or not a meat cut 
will be purchased") citation omitted); Kohls, L.I., et al, "A Comparison of Five Different 
Modified Atmosphere Package Methods for Retail Display-Ready Ground Beef," 2001 Animal 
Sciences Research Report, Colorado State University, available at 

http://ansci.colostate.edu/ dp/msfs/lik01 1 .pdf. at 1 ("Consumers view color as one of the most 
important attributes of fresh beef when making a decision to purchase retail product. Color, 
therefore, determines appeal of the product in the retail case and consumer acceptability."); ' 
Jeremiah, L.E., et al., "Beef Color as Related to Consumer Acceptance and Palatability," 37 
Journal of Food Science 476-479 (1972) (Attachment 1 1), at 476 ("Consumer studies have 
shown that physical appearance of a retail cut in the display case is the most important factor 
determining retail selection of meat products. Consumers select meat cuts primarily for leanness 
and then for appearance and freshness, with judgments for the latter two attributes based 
primarily on brightness of color.") (citations omitted); Liu, Q., et al., 'Titration of Fresh Meat 
Color Stability and Malondialdehyde Development with Holstein Steers Fed Vitamin E- 
Supplemented Diets," J. Anim. Sci. 1996, 74:1 17-126 (Attachment 12), at 1 17 ("Meat color is 
the main factor affecting beef product acceptability at retail points of purchase.") (citation 
omitted). 
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consumers of color cues that would indicate spoilage, because consumers may not realize that 
meat has spoiled when its color remains bright red. Indeed, FDA itself has acknowledged 
consumers' reliance on color as a sign of freshness in expressing concerns about the use of 
carbon monoxide in tuna packaging, and the serious health risk posed when colorants mask the 
normal signs of spoilage. 

While odor has been suggested as an alternative indicator of spoilage of meat 
packaged with carbon monoxide, 85 consumers obviously cannot detect the smell of packaged 
meat at the point of purchase to determine freshness. Even upon opening the package, however, 
consumers would not be able to rely upon odor, slime, or other organoleptic indicators of 
spoilage, because carbon dioxide-containing anaerobic packaging systems such as those that are 
the subject of the Pactiv and Precept GRAS notifications suppress the growth of aerobic spoilage 
organisms that produce these signals, while allowing other harmful yet imperceptible pathogens 
to flourish. Indeed, even FDA has warned of this significant safety concern accompanying the 

84 

See Letter from Diane E. Thompson, Associate Commissioner for Legislative Affairs, to Hon. 
Ray LaHood, Feb. 13, 1998 (Attachment 13), at 2 ("Consumers rely on the color of tuna to 
reflect its state of freshness. A process that inhibits the development of the telltale sensory 
changes that normally accompany decomposition or spoilage, such as the expected change in the 
color of the flesh, invite increased exposure to tuna products that are toxic, but not identifiable as 
such/O. FDA ultimately issued a "no objection" letter in response to a GRAS notification for 
Wasteless smoke," of which carbon monoxide is a primary component, for use to "protect the 
taste, aroma, and color of seafood." See Agency Response Letter to GRAS Notice No. GRN 
000015, available at http://www. cfsan.fda. govA~rdb/opa-gQ15.htmL However, that response has 
no relevance to the agency's consideration of the Pactiv and Precept GRAS notifications because 
section 173.350 of FDA regulations prohibits the use of carbon monoxide in the packaging of 
fresh meat products, due to the qualitatively distinct issues surrounding the use of colorants in 
fresh meat. 

85 

See, e.g., Serheim, O., et aL, technological, Hygienic and Toxicological Aspects of Carbon 
Monoxide Used in Modified- Atmosphere Packaging of Meat," 8 Trends in Food Science & 
Technology 307-312 (September 1997) (Attachment 14), at 31 1 ("A possible negative aspect of 
using CO in the MAP of retail meat is concern that consumers might misjudge the quality of a 
product, because its true microbiological status may be masked by its stable, cherry red 
carboxymyoglobin color. However, consumers will be able to detect spoilage by the presence of 
off-odours.' 1 ) (citation omitted). 

86 See, e.g., Silliker, J.H. and Wolfe, S.K, 'Microbiological Safety Considerations in 
Controlled- Atmosphere Storage of Meats," 34 Food Technology 59-63 (March 1980) 
(Attachment 15), at 59 (describing the fact that carbon dioxide in low-oxygen atmospheres 
"selectively inhibits the growth of Gram-negative bacteria, such as pseudomonads and other 
related psychrotrophs which grow rapidly and produce ofT-odors and -flavors in raw meats and 
poultry The organoleptic changes attended by the growth of lactic acid bacteria [in low- 
oxygen, elevated carbon dioxide packaging atmospheres] are less noticeable than those produced 
by the Gram-negative bacteria which develop upon meat in air atmospheres."); Farber, supra 
note 74, at 64 (explaining that the byproducts of the metabolism of the lactobacilli produced in 
anaerobic carbon dioxide-containing modified atmospheres "are inoffensive compared to the 
typical spoilage odors produced by the pseudomonads" that thrive in oxygenated atmospheres). 
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use of reduced oxygen packaging, cautioning that "the inhibition of the spoilage bacteria is 
significant because without these competing organisms, tell-tale signs signaling that the product 
is no longer fit for consumption will not occur." 87 Of particular concern is the fact that 
consumers would not even be aware that they need to consider freshness criteria other than color 
or odor, such as "use by" date labeling, because fresh meat packaged with carbon monoxide is 
not required to be labeled as such, nor is the carbon monoxide's coloring effect identified. 88 
Accordingly, carbon monoxide in fresh meat packaging presents a serious public health risk 
because consumers will not be able to rely upon their accustomed indications of spoilage. 89 

The European Commission's Scientific Committee on Food squarely addressed 
these concerns about the likelihood that carbon monoxide will mask spoilage due to temperature 
abuse. 90 The Committee observed that <4 the inclusion of CO in MAP is controversial because the 
stable cherry-colour can last beyond the microbial shelf life of the meat and thus mask 
spoilage." 91 The extended shelf life attained by including carbon monoxide in packaging <4 may, 
therefore, under certain conditions imply increased risk of growth of pathogens." 92 The 
Committee concluded that carbon monoxide at levels of 0.3%-0.5% would be safe only if the 
temperature during storage and transport never exceeds 4°C (39°F), and observed in particular 
that some strains of Salmonella would grow at 10°C. 93 The Committee 'Vishes to point out that, 
should products be stored under inappropriate conditions, the presence of carbon monoxide may 
mask visual evidence of spoilage." In light of the Scientific Committee's Opinion, the 



87 FDA Food Code, supra note 67, at 546. 

88 See Labuza and Fu, supra note 73, at 202 (stating that the recent trend to use MAP 
technology, ^ade with * invisible* processing methods, which are not perceived as processing 
by the consumer, creates a new paradigm shift for food safety control" because of the potential to 
mask organoleptic signs of spoilage). 

an 

See id, at 205 ("Sensory perceptions (e.g., meat color), evidence of metabolic by-products and 
types and levels of microorganisms are all valuable, and together give a full picture of food 
quality and safety."). 

90 Opinion of the Scientific Committee on Food on the Use of Carbon Monoxide as Component 
of Packaging Gases in Modified Atmosphere Packaging for Fresh Meat, 
SCF/CS/ADD/MSAd/04 (December 18, 2001) (Attachment 16). 

91 Id. at 4, citing Kropf, D.H., "Effect of Retail Display Conditions on Meat Color," Proceedings 
of the 33rd Reciprocal Meat Conference, 15-32 (1980) (Attachment 17); see also Sorheim, O., et 
aL, 4 The Storage Life of Beef and Pork Packaged in an Atmosphere with Low Carbon Monoxide 
and High Caibon Dioxide,'* 52 Meat Science 157-164 (1999) (Attachment 18), at 157 ('The 
inclusion of CO in MA for meat is controversial.") and 163 ("An objection raised against using 
CO as a small component of a MA for retail-ready meat is the possibility that the colour stability 
can exceed the microbial shelf life, with the risk of masking spoilage of the meat.*') (citing 
Kropf, supra). 

92 

Id., citing Nissen, supra note 78. 
93 Id. st 7. 
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European Union refused to authorize carbon monoxide in fresh meat packaging, despite 
petitioning by the Norwegian government, precisely because of the dangerous effects in masking 
spoilage and encouraging consumer deception in ways that encourage consumption of unsafe 
meat. 9 As a result of the EU decision, the Norwegian meat industry was required to terminate 
the use of carbon monoxide in fresh meat packaging by June 2004, despite the history of 
commercial use in Norway since 1985. The EU has also banned carbon monoxide in fresh fish 
on the same grounds sustaining its ban in fresh meat products, 96 as have most other countries that 
have addressed the issue, including Canada, Japan, and Singapore. 97 

Given FDA's recognition that home refrigerators can be expected to range 
between 5° and 10°C at best, in the hands of consumers, meat packaged with carbon monoxide 
will never be kept under the temperature conditions the Scientific Committee of the European 
Commission prescribed as necessary for safe use (at or below 4°C). Accordingly, under real 
world conditions, it is unavoidable that carbon monoxide in fresh meat will mask spoilage and 
promote consumer deception under the conditions of intended use. 

The consumer safety risks from fresh meat packaged with carbon monoxide that 
has been exposed to temperature abuse are not ameliorated by 41 use by" date labeling such as that 
discussed in FDA's Agency Response Letter to GRN 143 and specified in FSIS Directive 7120.1 
relating to use of carbon monoxide in accordance with that GRAS notification. 98 FDA has 
presented no consumer behavior evidence demonstrating that consumers would even consult date 
labeling where the color of the meat suggests freshness, and there is no means of enforcing 
consumer compliance with such labeling under real world conditions of use. More problematic 
is the fact that <4 use by" date labeling will likely amplify the public health risks by providing a 
false sense of security when the "use by" date has not passed and the meat still looks red, yet the 
meat has become spoiled due to microbial contamination resulting from temperature abuse. 
Notably, FSIS does not appear to have even considered the possibility of allowing the use of 



See EFTA Surveillance Authority Annual Report at 24 (2003), available at 
http://www.eftasurv.int/informafo pages included as 

Attachment 19); Europarl News Report at 3 (June 11, 2003) (Attachment 20). 

96 See Letter from Jane M. Davies to Directors of Public Protection in Wales (August 9, 2004) 
(stating that carbon monoxide "causes an irreversible colour change in the fish flesh that has the 
potential to mislead consumers. As the product stays red even if it deteriorates or spoils, it is 
considered to be a potential public health hazard.") (Attachment 21). 

97 See , e.g., Julia Moskin, "Tuna's Red Glare? It Could Be Carbon Monoxide," N.Y. Times, 
Oct. 6, 2004 (Attachment 22); AVA Food Safety Awareness Programme Statement on Carbon 
Monoxide Treated Tuna, available at http://wvvrw.ava.gov.sg/JAVASCRIPT/ carbonMTuna.htm 
(Attachment 23); Communique from Canadian Food Inspection Agency, Animal Products 
Directorate, Fish, Seafood and Production, to All Importers of Fish, regarding Fish Treated With 
Carbon Monoxide, June 1 7, 1999, available at 

http://www.inspection.gc.ca/english/anima/fispoi/commun/l 999061 7e.pdf ( Attachment 24). 

98 Products are required to be coded with a *TJse or Freeze by" date not to exceed 28 days after 
packaging for ground meat and 35 days for whole muscle cuts. 
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sodium sulfite or paprika with "use by" labeling to ameliorate the deceptive coloring effects of 
these additives. 

Finally, it cannot be said that cooking the meat will kill any pathogens and 
thereby counter any potential safety risks due to the presence of carbon monoxide in an oxygen- 
displacing modified atmosphere for fresh meat. Clostridium botulinum and Clostridium 
perfringens, which, if present, can thrive in such anaerobic atmospheres, are uniquely dangerous 
in fresh meat because their toxins are not destroyed by cooking. Even the aerobic pathogen 
Salmonella remains a serious food safety concern because many consumers fail to cook meat, 
and particularly ground beef, to interior temperatures sufficient to destroy this and other 
pathogens." 

Given the record on consumer reliance upon meat color as an indicator of 
freshness, the inhibition of other organoleptic indicators of spoilage in modified atmosphere 
packaging, the documentation of extensive temperature abuse throughout the distribution and 
handling of fresh meat, and the inability of cooking to cure the harms of meat spoilage, FDA has 
pointed to no evidence demonstrating that no harm will result from carbon monoxide in fresh 
meat packaging under actual conditions of use. Without such evidence, carbon monoxide cannot 
be shown to be safe and suitable for use in fresh meat packaging, and therefore FDA cannot 
satisfy the statutory criteria at section 72 1(b)(1) for listing a color additive. 

d. Carbon Monoxide in Fresh Meat Cannot Be Authorized Under 
FDCA Requirements for Food Additives and GRAS Substances 

i Longstanding FDA Food Additive Regulations Prohibit 
Carbon Monoxide in Fresh Meat Packaging 

FDA lacks authority to permit the use of carbon monoxide in fresh meat under 
FDCA requirements for food additives. Under well established FDA food additive regulations 
specifying the conditions in which carbon monoxide may be used to displace oxygen in food and 
beverage packaging, such use is expressly prohibited in fresh meat. Section 173.350 of FDA 
regulations prescribes the conditions under which "combustion product gas," including carbon 
monoxide gas, can be used to displace oxygen in food packaging. The regulation specifies that 
such food packaging gases <4 may be safely used" in accordance with defined conditions, 
including controls to insure that gases "failing to meet the specifications ... be prevented from 
reaching the food being treated." 00 The rule authorizes the use of carbon monoxide gas in food 
packaging at levels up to 4.5 percent by volume, provided that "[i]t is used or intended for use to 



While USDA actively educates consumers that the only way to ensure that meats are cooked 
to safety is to use a food thermometer, only 2% of consumers report doing so. See FSIS, 4 The 
Food Safety Educator," available at http://www.fsis.usda. gov/OA/educator/educator3-4.htm : see 
also Partnership for Food Safety Education, "Safe Cooking Fact Sheet," available at 
http://www.fightbac.org/cook facts.cfm . 

100 21 C.FR. 173.350(a). 
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displace or remove oxygen in . . . the packaging of beverage products and other food, except 
fresh meats" and other conditions are satisfied. 

In view of the breadth of the regulation, section 1 73.350 is properly construed as a 
food additive regulation that encompasses and regulates the conditions of use concerning carbon 
monoxide in food packaging to remove or displace oxygen. Particularly since the rule authorizes 
the use of carbon monoxide in all leverage and other food" packaging, other than "fresh meat" 
products, it is unreasonable to construe the prohibition in "fresh meat" as a limitation on the 
scope of the food additive regulation, rather than a prescribed condition of use within the bounds 
of the rule. Clearly, where conditions of use have been established for a "food additive," these 
conditions of use cannot at the same time be excluded from the scope of food additive regulation 
as "GRAS." On this ground, the conditions of use of carbon monoxide in fresh meat packaging 
defined in the Pactiv and Precept GRAS notifications cannot qualify as "GRAS," as a matter of 
law, since these have already been established as "food additive" uses that are regulated directly 
and explicitly prohibited by section 173.350. 

In addition, even if the "fresh meat" prohibition in 1 73.350 were construed as a 
limitation on the scope of authorized uses covered by the "food additive" regulation, such a 
limitation could be lawfully justified only on the grounds that carbon monoxide functions as a 
"color additive" in fresh meat, as opposed to other meat products for which carbon monoxide use 
is authorized under the FDA regulation. Given the breadth of the food additive regulation, and 
the authorization encompassing meat and poultry products other than "fresh meat" products, 
there would be no reasonable alternative basis for FDA to single out "fresh meat" for separate 
treatment. For example, there is no evidence suggesting that there are material differences in the 
toxicological safety of carbon monoxide that would support its use in all food and beverage 
products, including meat products, except for "fresh meat." 

Moreover, in view of the restrictions on color additive uses in fresh meat 
historically, the "fresh meat" prohibition is justified by the particular hazard carbon monoxide 
presents under these conditions with respect to masking spoilage and deceptively encouraging 
consumption of unsafe meat. Such food safety and consumer deception issues are appropriately 
established as food additive specifications under FDCA section 409. 102 While these same 
considerations bear on the status of carbon monoxide as a "color additive," as noted above, FDA 
is fully authorized to promulgate food additive specifications that complement the prohibited 
uses required under the color additive amendments. 

FDA is not, however, authorized to pursue this radical departure from 
longstanding agency and FSIS policy prohibiting colorants in fresh meat via response to a GRAS 
notification. It is a well-established requirement of administrative law that where an agency 



21 C.F.R. 173.350(b), (c). 
21 U.S.C. 348. 
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departs from its prior positions, it must offer a reasoned explanation for its change in view. 103 
Such agency action may be deemed arbitrary and capricious "if its rationale does not appear in 
the administrative record so that its decisionmaking path may reasonably be discerned."' 04 That 
record must demonstrate that the agency has considered all relevant factors. 103 Where FDA has 
drastically changed course after reviewing only the GRAS notifications of companies advocating 
the use of carbon monoxide in fresh meat packaging, the agency cannot demonstrate that it has 
met its burden of considering all relevant factors. Only after promulgating its new policy by 
means of notice and comment rulemaking on the public record, considering all relevant facts in 
its policy rationale could FDA comply with the applicable legal requirements. 

ii Carbon Monoxide in Fresh Meat Cannot Satisfy FDCA 
Requirements for GRAS Substances 

FDA lacks authority to condone the GRAS status of carbon monoxide in fresh 
meat packaging under the applicable FDCA requirements for GRAS substances. Under FDCA 
section 201(s), "GRAS" substances are distinguished from and excluded from the scope of the 
"food additive" definition. 106 Accordingly, under the same specified conditions of intended use, 
a substance cannot qualify at once as both a "GRAS" substance and a "food additive." The 
FDCA makes clear that these are mutually exclusive categories, and establishes entirely separate 
and distinct regulatory requirements for food additives and GRAS substances. As discussed 
above, in 1962, FDA promulgated regulations making clear that the use of carbon monoxide to 
displace oxygen in food and beverage packaging is not GRAS, but rather must be regulated 
under the food additive provisions of the Act lor It is clear from the broad scope of the rule, 
which extends to all food and beverage packaging, including meat packaging, that the 
prohibition against carbon monoxide use in "fresh meat" packaging constitutes a specification 
within the scope of the food additive regulation, rather than a limitation upon the scope of the 
food additive rule itself. In short, there is no "fresh meat" gap in the scope of coverage of this 
food additive regulation which leaves room for any use of carbon monoxide in fresh meat 
packaging to evade premarket clearance requirements for food additives. Moreover, as discussed 
above, if anything, the fresh meat prohibition in section 173.350 is best explained as a reflection 
of the overlapping premarket clearance requirements for color additives. Since FDA has not 
listed carbon monoxide in fresh meat as required by the FDCA color additive provisions, FDA 
reasonably codified the prohibition as a specification in the relevant food additive regulation. 
Notably, GRAS status provides no insulation from FDA premarket clearance requirements for a 
color additive. In addition, since carbon monoxide is neither safe nor suitable for fresh meat 

103 Department of the Navy v. FLRA, 962 F.2d 48, 56 (D.C. Cir. 1992); see also Hall v 
McLaughlin, 864 F.2d 868, 872 (D.C. Cir. 1989) ("[divergence from agency precedent demands 
an explanation."). 

104 Chamber of Argentine-Paraguayan Producers of Quebracho Extract, et al v Holder 332 F 
Supp. 2d 43, 49 (D.D.C. 2004). ' 

105 Id. at 48. 

,06 21 U.S.C. 321(s). 
107 21 C.F.R. 173.350. 
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packaging because it promotes consumer deception, as discussed more fully at section B.4.c. of 
this petition, FDA is prohibited from approving such use under both the food additive or color 
additive provisions of the FDCA. 108 

More fundamentally, despite the FDA responses to the Pactiv and Precept GRAS 
notifications, the sizable body of scientific evidence makes clear that the safety of carbon 
monoxide is not "generally recognized" as required by the FDCA. To the contrary, the safety of 
carbon monoxide in fresh meat has been widely challenged in the United States and 
internationally because of its capacity to mask spoilage and promote consumer deception. 

Under FDA's implementing regulations, the use of a food substance may be 
established as GRAS either through scientific procedures or, for a substance used in food before 
1958, through experience based on common use in food. Under section 170.30(b), general 
recognition of safety through scientific procedures requires the same quantity and quality of 
scientific evidence as is required to obtain approval of the substance as a food additive and 
ordinarily is based upon published studies, which may be corroborated by unpublished studies 
and other data and information. 109 Under section 1 70.30(c) and 1 70.3(f), general recognition of 
safety through experience based on common use in foods requires a substantial history of 
consumption for food use by a significant number of consumers. 1 10 

For a substance to qualify as GRAS, there must be evidence that the substance is 
safe under the conditions of its intended use. FDA has defined "safe" as a reasonable certainty in 
the minds of competent scientists that the substance is not harmful under its intended conditions 
of use. FDA has emphasized that a GRAS substance is distinguished from a food additive on . 
the basis of the common knowledge about the safety of the substance for its intended use. 1 12 The 
"common knowledge" element of the GRAS standard includes two facets: "(1) the data and 
information relied on to establish the technical element must be generally available; and (2) there 
must be a basis to conclude that there is consensus among qualified experts about the safety of 
the substance for its intended use." 1 13 FDA advises that "an ongoing scientific discussion or 



21 U.S.C. 348(c)(3) (prohibiting the approval of any food additive under conditions that 
"would promote deception of the consumer ... or would otherwise result in adulteration or in 
misbranding of the food . . . "); 21 U.S.C. 379e(b)(6) (prohibiting the listing of any color additive 
under conditions that "would promote deception of the consumer ... or would otherwise result 
in misbranding or adulteration of the food . . . "); 21 U.S.C. 342(b)(3)-(4) (defining adulterated 
food to include food in which "damage or inferiority has been concealed," and food to which 
"any substance has been added . . . mak[ing] it appear better or of greater value than it is."). 
109 21 C.F.R. 170.30(b). 
no 21 C.F.R. 170.30(c) and 170.3(f). 

111 See FDA's "Frequently Asked Questions About GRAS" (December 2004), available at 
http://www.cfsan.fda.gov/-dms/prasguid.html . 

1,2 62 Fed. Reg. 18938 (April 17, 1997) (see proposed 170.36(c)(4)(i)(C)). 
113 Id at 18942. 
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controversy about safety concerns raised by available data would make it difficult to provide a 
basis for expert consensus about the safety of a substance for its intended use." 114 

Plainly, the extensively documented controversy in the public literature about the 
safety of the use of carbon monoxide in fresh meat packaging belies any notion that the safety of 
this use is "generally recognized" among qualified experts. 11 ' Moreover, a claim of GRAS status 
for this use of carbon monoxide cannot be maintained in light of the fact that the chemical is 
banned for use in meat or tuna packaging across much of the globe, including by Canada, the 
European Union, Japan and Singapore, because of the same food safety concerns outlined in this 
petition. 116 

Consideration of the relevant body of evidence makes clear that carbon monoxide 
in fresh meat is not GRAS, and there is substantial scientific evidence substantiating the serious 
nature of the food safety and consumer deception risks presented. 

5. The FDCA and Implementing Regulations Require Label Declaration of 
the Use of Carbon Monoxide in Fresh Meat Packaging as a Fact Material 
to the Safe Handling of the Meat 

Although, as detailed in this Petition, there are no grounds upon which FDA could 
lawfully allow the use of carbon monoxide in fresh meat packaging, even assuming arguendo 
that FDA had such authority, the agency would be required to implement FDCA labeling 
provisions requiring that the presence and purpose of the carbon monoxide in the packaging 
system be disclosed. The inclusion of carbon monoxide in modified atmosphere packaging of 
fresh meat is a fact material to the safe handling of the meat, and thus must be disclosed on the 
label in accordance with Sections 403(a) and 201(n) of the FDCA. 

Section 403(a) states that a food shall be deemed misbranded if its labeling is 
false or misleading in any particular. 1 17 Section 201(n) amplifies that provision by explaining 
that a food's label is also misleading if it fails to reveal facts material in light of representations 
made, or material with respect to consequences which may result from the use of the food under 
customary or usual conditions of its use. 118 The presence of carbon monoxide in fresh meat 
packaging is material under both prongs of section 201(n). 

First, meat packaged in a carbon monoxide-containing modified atmosphere is 
represented as fresh and untreated. The use of carbon monoxide is a fact material in light of this 
representation and must be disclosed in labeling, because otherwise consumers will reasonably 
presume that the meat's red color is a valid indication of its freshness and microbiological safety. 



Id. 

See discussion at section BAc.ii. of this petition, above, and accompanying footnotes. 
See note 97, supra, and accompanying text. 
21 U.S.C. 343(a). 
21 U.S.C. 321(n). 
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Notably, FDA requires label declaration of the fact that a food has been irradiated 1 19 - a process 
that produces material changes in the finished food that, in contradistinction to carbon monoxide 
use, serve to increase the safety of treated food. In the context of the food irradiation 
rulemaking, FDA indicated that, under sections 201 (n) and 403(a), special labeling is required 
where a finished food is materially altered in a visually indiscernible way, and thus otherwise 
would be misrepresented as the traditional food. 120 In the case of irradiated food, the required 
labeling helps keep consumers from mistaking these foods for their traditional counterparts 
presenting significantly greater food safety risks. In the case of carbon monoxide-treated meats, 
the labeling that would be required by the FDCA would help keep consumers from mistaking 
these meats for traditionally packaged fresh meats, for the carbon monoxide-treated meats may 
give the appearance of freshness, but present significantly greater food safety risks. 

The open date labeling that is a condition for use of the packaging system under 
GRN 143 does not obviate the materiality of the fact that carbon monoxide is present in fresh 
meat packaging. Consumers may disregard the "use or freeze by" date on the package if the 
meat still looks fresh. Even more concerning is the fact that meat may become spoiled before 
such date due to temperature abuse during distribution, but because the meat still looks fresh and 
shows no signs of spoilage and the date has not passed, consumers will reasonably assume that 
the meat is safe to consume. 

Second, the use of carbon monoxide in fresh meat packaging is then also a fact 
materia] to the consequences that may result from the use of the meat under customary or usual 
conditions. Consumers accustomed to judging the freshness and safety of meat by color will 
likely store, prepare, and consume such meat as if it were as fresh as its color suggests, 
regardless of the actual age or safety of the meat. Bereft of the usual indicators that meat has 
spoiled, consumers could readily eat contaminated meat and suffer serious foodborne illness. 
Label disclosure of the presence and effect of carbon monoxide in fresh meat packaging is 
therefore required under sections 403(a) and 201(n), because a consumer who is not aware of the 
use of this chemical has no way of knowing that the appearance of the meat is not a reliable 
indicator that it is safe to consume. 

Significantly, FDA required label declaration of the use of tasteless smoke, which 
includes carbon monoxide, in fresh tuna, where the smoke was used for purposes similar to that 
of carbon monoxide in fresh meat packaging, including to affect color. 12 ' While the proponents 
of that GRAS notification positioned the tasteless smoke as a preservative, and therefore FDA 
required its label declaration under sections 403(k) and 403(i)(2) of the FDCA, the food safety 
considerations supporting disclosure apply with equal force to both uses of carbon monoxide- 
containing gases - the carbon monoxide affects the appearance of the meat or tuna in a manner 



119 21 C.F.R. 179.26(c). 

120 See 21 Fed. Reg. 13376, 13388 (April 18, 1986). 

121 Letter from Janice F. Oliver, Deputy Director, CFSAN, to Martin J. Hahn, Hogan & Hartson 
(March 10, 2000) ("Agency Response Letter to GRAS Notice No. GRN 000015"), available at 
http://www.cfsan. fda. gov/~rdb/ooa-gQ 1 5 .html . 
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that suggests freshness regardless of the actual age or safety of the food. Disclosure of the 
presence and effect of carbon monoxide, whether characterized as a chemical preservative or 
otherwise, is necessary to alert consumers to the fact that the appearance of the product is not a 
reliable indicator of its freshness or safety. It is precisely for this reason that color preservatives 
for use in fresh meat packaging must be identified on the label, and there is no justification for 
treating carbon monoxide differently. 

Because the use of carbon monoxide in fresh meat packaging is a material fact in 
light of the representation that the meat is unprocessed and untreated and that its color is a 
reliable indicator of its freshness, and because of the serious food safety risks attendant to such 
representation, declaration of both the presence and the purpose of this use of carbon monoxide 
is required under sections 201 (n) and 403(a) of the FDCA. 

C. Environmental Impact 

The action requested by this petition would result in the termination of FDA's 
responses to GRAS notifications and other actions preserving the status quo in conformance with 
well established law. The action requested is not expected to have a significant effect on the 
quality of the human environment, and is subject to categorical exclusion under 21 C.F.R. 
25.30(h). To the best of Petitioner's knowledge, no extraordinary circumstances exist that would 
require an environmental assessment under 21 C.F.R. 25.21. 

D. Economic Impact 

Information on the economic impact of the action requested by this petition will 
be submitted if requested by the Commissioner. 

E. Certification 

The undersigned certify that, to the best of their knowledge and belief, this 
petition includes all information and views on which the petition relies, and that it includes 
representative data and information known to the petitioners which are unfavorable to the 
petition. 



November 15, 2005 
Page 30 



For the foregoing reasons, this petition requests that FDA implement the actions 
requested to prohibit the use of carbon monoxide in fresh meat immediately. 

Respectful^ submitted, 
Don Berdahl 

Vice President/Lab Director 
Kalsec, Inc. 



cc: Dr. Andrew C. von Eschenbach, Acting Commissioner of Food and Drugs, FDA 
Dr. Barbara J. Masters, Administrator, FSIS, USDA 
Sheldon Bradshaw, Chief Counsel, FDA 
Dr. Robert E. Brackett, Director, CFS AN, FDA 
Dr. Laura M. Tarantino, Director, OFAS, FDA 

Dr. Robert C. Post, Director, Labeling & Consumer Protection Staff, FSIS, USDA 

Scott Gottlieb, Deputy Commissioner for Policy, FDA 

Michael Landa, Deputy Director for Regulatory Affairs, CFSAN, FDA 

Dr. Robert L. Martin, Deputy Division Director, OFAS, FDA 

Dr. Rudolph Harris, Supervisor, OFAS, FDA 

Dr. Robert L. Buchanan, Senior Science Advisor, CFSAN, FDA 

Dr. Lane Highbarger, Consumer Safety Officer, OFAS, FDA 

Dr. Bill Jones, Chemist, FSIS, USDA 

Philip Derfler, Assistant Administrator, FSIS, USDA 
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^* fl |L! ype . of bacterial flora present One 
of the reduction products is urobilinogen, a 
colorless complex consisting mostly of ster 
cobilmogen. When broad-spectrum antibi- 
otics are given to patients, the bacterial 
flora is markedly diminished. This de- 
creases the amount of bilirubin reduced to i 
urobilinogen, and therefore urobilinogen | 
excreuon is reduced. Bilirubin thereby be- J 
comes the main bile pigment found in the 
feces. After the patient is taken on* these 
antibiotics, the bacterial flora gradually re- 
turns, first reducing bilirubin to d- 
urobilinogen and then to stercobilinogen 
predominantly. A small amount of intesti- 
nal tract urobilinogen complex is reab- 
sorbed and excreted again through the 
liver, or it appears in the urine. When feces 
and urine are exposed to air, they are ox- 
idized to the urobilin group of compounds. 



HEMOGLOBIN COMPOUNDS 

The main function of hemoglobin in body 
metabolism is as a respiratory pigment in 
the form of oxyhemoglobin (scarlet red). As 



erythrocytes flow along in single file in the 
dehcate alveolar capillaries oflheTung £e 

ajveolar air converts almost all the nemo. 
t ?* M Woo < cell* ,o oxyhet 

mc^ob, n by , > roces, of dimision thSJgt 
the erythrocytic membrane. Because the 
association of oxygen and hemogloWn i, 
oose^d unstable, the oxygen re£„y di " 
fuses back to the tissues for oxidative pur- 
poses, and the oxyhenwglobin then be- 
come, reduced hemoglobin (dark red). 
s«l ?f 1 8 ^wconitant release of 
base, which binds part of the incoming car- 
bon dioxide. Carbon dioxide is also bound 

^^Tl- * ,he free a" 1 '" 0 8™ps of 
rte hemoglobin molecule. A most impor- 
twit portion of the carbon dioxide diffuses 
rrom the plasma into the red blood cells 
where catalysis by carbonic anhydnue' 
joins it with water to form carbonic acid. 
JJJ* m ton » dissociates into (H)* and 

(. ^oxyhemoglobin is one of the abnor- 7 
mal hemoglobin pigments incapable of car- J 
rying oxygen. It is formed when hemogto- / 
binin the red blood cells is exposed to 
carbon monoxide, which has an affinity 200 

T" ffi? ter - or hemoglQhin '"^ttR 

loes. wnen toxic amounts of carbon mon- 
oxide are present (from automobile exhaust 
fumes, for example), the blood is cherry 
red. and anoxia may result with subsequent 
death caused by irreversible tissue changes. 
Endogenous carbon monoxide production 
ana subsequent respiratory excretion arc 
related to heme degradation on a one-mole- 
to-one-mole basis. Since there is no other 
source of endogenous CO. measurement of 
its production rate accurately quantitates 
the catabolism of heme compounds, and 
thus also the rate of hemolysis." Like oxy- 
hemoglobin, carboxyhemoglobin is seen 
spectroscopic^ at 576 n (Plate 8). _ 
—Methemoytobin is formed when hemo^* 
globin in its deoxygenated state (reduced 
hemoglobin) is oxidized to the ferric form 
(iron normally exists in the ferrous state in 
the iron porphyrin complex of the heme 
portion of the hemoglobin molecule. See p. 
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J same": raw aj^cultural 

i^idl^pt^eld^mdre 'residue 
n'|hat permitted by the larger of. the 
^tolerances, calculated as derneton: 

$S&tion 120.105 is amended by add- 
ff .«^thereto tolerances for residues of 
|emeton in or on sugar beet tops and 
igar beets. As amended 5 120.105 reads 
i follows: 

j!]20.1O5 Tolerances for residues of 
jj^y. derneton. 

^Tolerances for residues of demcton (a 
jnixture of 0,0-diethyl 0(and S)-2- 
jj&ethylthJo) ethyl phosphorothioates) are 
^Established as follows: 
jS*'Tl2 parts per million in or on alfalfa 
JOiay, clover hay. 

tSjf S parts per million in or on almond 
***hulls, fresh alfalfa, fresh clover, sugar 
j^Jbeet tops. 

1.25 parts per million in or on grapes, 
hops. \ 

J J-0.75 part per million in or on almonds, 
Apples, apricots; broccoli, brussels 
grouts, cabbage, cauliflower, celery, 
^ttonseed, grapefruit, lemons, lettuce, 
£jmuskmelons ( oranges, peaches, pears, 
eas,. pecans, peppers, plums (fresh 
j>runes), potatoes, strawberries, toma- 
[^toes. walnuts. 

££o.5 part per million in or on sugar 
wets. 

1^0.3 part per million in or on beans. 

Sf : t;Bi The, Commissioner of Pood and 
7 .3 Drugs, having evaluated the data sub- 
^fimitted in a petition filed by Chemagro 
WCorporaUon, P.O. Box 4913, Kansas City 
M y&O, Missouri, and other relevant material, 
rj^ bas concluded that the following regula- 
tion should issue with respect to residues 
JS&f the food additive derneton present in 
^dehydrated sugar beet pulp. Such resi- 
*|V#£flues have been shown to occur from 
ffih application of the pesticide to sugar 
flftrCi.'beets under agricultural uses provided 
jpr by a concurrent regulation under 
;tion 408 of the act. Therefore, pur- 
it to the provisions of the Federal 
Kd, Drug, and Cosmetic Act (sec. 
(c)(4), 72 Stat. 1786; 21 TJ.S.C. 
[8(c)(4)), and under the authority 



pbjecuin^vtfaeretd^: : Objections^ 
show wherein the'iierson filing will be 
adversely ; affected r by the order s and 
specify' with particularity the provisions 
of the order deemed objectionable and 
the grounds for the objections, if a 
hearing is requested, the objections must 
state the issues for the hearing. A hear- 
ing will be grab ted if the objections are 
supported by grounds legally sufficient to 
justify the relief sought. Objections may 
be accompanied by a memorandum or 
brief in support thereof. 7A11 documents 
shall be filed in quantuplicate. 

Effective date. This order shall be 
effective on the date of its publication 
in the Federal Register. 

(Sees. 406(d)(2), 409(c)(4); 68 Stat. 512, 72 
Stat. 1786; 21 UJS.C. 346a(d)(2), 348(c)(4)) 

Dated: July 26, 1961. 

[seal] Geo. P. Larrick, * 

Commissioner of Food and Drugs. 

(P.R. Doc. 61-7270; Plied, Aug. 1, 1961; 
8:50 ajn.J 




Legated to the Commissioner by the 
sretary of Health, Education, and 
elfare (25 FM. 8625) , the food additive 
Tulations (21 CPR Part 121) are 
iended by adding to Subpart C the 
lowing new section : 

121.221 Derneton. 

V 'A tolerance of 5 parts per million is 
established for residues of derneton (a 
mixture of 0,0-diethyl 0(and S)-2-(eth- 
.-ylthio) ethyl phosphorothioates) in de- 
hydrated sugar beet pulp for livestock 
jpfeed when present therein as a result 
> of the application of the pesticide in the 
production of sugar beets, provided that 
mi. If residues of 0,0-diethyl S-2-(ethylthio) 
!$fTethyl phosphorodithioate are also pres- 
^ erit. the total of both residues shall not 
u , exceed 5 parts per million. 

yiy.-\- Any person who will be adversely af- 
rj j; fected by the foregoing order may at any 
■'. time prior to the thirtieth day from the 
: "I date of its publication in the Federal 
! > - ng Clerk, De- 

on, and Wei- 

Aug. 2, 1961 
26 FR 6918-9 



PART 121 — FOOD ADDITIVES 

Subpart C-^Food Additives Permitted 
in Animal Feed and Animal Feed 
Supplements 

0,0 -Diethyl £-2- (Ethtlthio) ethyl 
Phosphorodithioate 

Pursuant to sections 409 and 701 of the 
Federal Food, Drug, and Cosmetic Act 
and under the authority delegated to the 
Commissioner of Food and Drugs by the 
Secretary of Health, Education, and 
Welfare (25 FJFt. 8625), 5 121.215 of the 
food additive regulations (26 FJt, 2595) 
is revised to read as follows: 

§ 121.215 0,0-Diethyl S-2-(ethyIthio) 
ethyl phosphorodithioate. 

A tolerance of 5 parts per million is 
established for residues of 0,O r diethyl 
S-2-(ethyIthio) ethyl phosphorodithio- 
ate, calculated as derneton, In dehydrated 
sugar beet pulp for livestock feed when 
present therein as a result of the ap- 
plication of the pesticide to the growing 
agricultural crop, provided that, if 
residues of derneton are also present, the 
total of both residues shall not exceed 
5 parts per million. 

This amendment does not require 
notice and public procedure since it is 
made for the purpose of bringing 
9 121.215 Into conformity with the pes- 
ticide regulations. 

Effective date. This order shall be ef- 
fective on the date of its publication in 
the Federal Register. 

(Sees. 409, 701; 62 Stat. 1055, 72 Stat. 1785- 
21 U.S.C 348. 371) 

Dated: July 26. 1961. 

[seal] Geo. P. Larrick, 

Commissioner o/ Food and Drugs. 

|P.R. Doc. 61-7272; Filed. Aug. 1, 1061; 
8:50 a.m.] 



t in Food for Human Consumjrttjft 

- -Combustion Product Gas 

The Commissioner of Pood and . 
having evaluated the data submit 
the Vitagen Corporation, 354 
Spring Street, Los Angeles 13, Californj 
and other relevant material, has col 
eluded that the following food additf 
regulation should issue with respect/ 
the food additive combustion product gL 
used for the displacing and removal.^ 
oxygen in processing and packing % 
food. Therefore, pursuant to the pro! 
visions of the Federal Pood, Drug, 
Cosmetic Act (sec. 409(c)(1), 72 
1786; 21 U.S.C. 348(c)(1)), and und 
the authority delegated to the Commk 
sioner by the Secretary of Health, Edii 
cation, and Welfare (25 P.R. 8625), J 
food additive regulations (21 CPR \^ 
are amended by adding to Subpart D ttfi 
following new section: 

§ 121.1060 Combustion product gas. 

The food additive combustion produc 
gas may be safely used in the processii 
and packaging of the foods designated ] 
paragraph (c) of this section for tlL 
purpose of removing and displacing oiSl 
gen in accordance with the follov 
prescribed conditions: 

(a) TJhe food additive is manufactu*™ 
by the controlled combustion hx.j&ir^^M 
butane, propane, or natural gas. Thef 
combustion equipment shall be provide 
with an absorption-type filter capable c 
removing possible toxic impurities 
through which all gas used in the treaSj 
ment of food shall pass; and with sultS 
able controls to insure that any combus^l 
tion products failing to meet trjej 
specifications provided in this sections 
will be prevented from reaching the food! 
being treated. ;d| 

(b) The food additive meets the fotJ 
lowing specifications: 

(1) Carbon monoxide content not 
exceed 4.5 percent by volume. 

(2) The ultraviolet absorbance. in 
octane -solution in the range 255 m 
microns to 310 millimicrons not to eic 
one* third of the standard - refer e*. 
absorbance when tested as described ' 
paragraph (e) of this section. ^ 

(c) It is used or intended for use 
displace or remove oxygen in the pr 
essixig, storage, or packaging of cit 
products, vegetable fats and vegeta 
oils, coffee, and wine. 

(d) To assure safe use of the additK, 
in addition to the other information re 
quired by the act, the label or labelin 
of the combustion device shall bear ade 
quate directions for use to provide " 
combustion product gas that compile 
with the limitations prescribed in par 
graph (b) of this section, includii. OJ 
instructions to assure proper flltratloni 

(e) The food additive is tested foi? 
compliance with paragraph (b) (2) by 
the following empirical method: 

Spectrophotometry measurements. AU; 
measurements are made in an ultraviolet 
spectrophotometer in optical cells of 5 cen 
timefcers in length, and in the range of 25 
millimicrons to 310 millimicrons, under th 
same Instrumental conditions. The standard! 
reference absorbance is the absorbance 
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Leem^>'6bje^ciH^ 

Jtot .the ~obj"ectibt#;llf a hear- 4 
/Requested/ the -objections must 
e Issues for the hearing. * A hear- 
.be granted If the objections are 
jrted by grounds legally sufficient 
Justify the relief sought. Objections 
gbe accompanied by a memorandum 
r .^bnef in support thereof. All docu- 
ments shall be filed in quintupiicate. 
Effective date. This order shall be 
fective on the date of its publication in 
~ _Federal Register. 

-409(c)(1), 72 Stat. 1786; 21 0.S.C. 

Abated: December 7, 1962. 

; Geo. P. Larrick, 

y.. Commission of Food and Drugs. 

£|PJl. Doc. 62-12361; Piled, Dec. 13, 1962- 
:[x 8:46 ajn.J 
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fyPAXT 121 — FOOD ADDITIVES 
Subpart D— Food Additives Permitted 
^ifood'for Human Consumption 

Combustion Product Gas 
[The Commissioner of Pood and Drugs 
lying evaluated the data submitted in 
ititions filed by the Whirlpool Corpo- 
ition, Benton Harbor, Michigan, and 
le Vitagen Corporation, 1263 Westwood 
inlevard, Los Angeles, California, and 
jtoer relevant material, has concluded 
Mt the food additive regulation with 
r-ct to combustion product gas should 
amended as set forth below. There- 
core, pursuant to the provisions of the 
[eral Pood, Drug, and Cosmetic Act 
5. 409(c) (1), 72 Stat. 1W6; 21 U.S.C. 
48(c)(1)), and under the authority 
lelegated to the Commissioner by the 
ecretary of Health, Education, and 
Welfare (25 P.R. 6625), 5 121.1060(c) 
L; CFR 121.1060; 27 F.R. 4014) is 
tended to read as follows: 

121.1060 Cora bastion product gas. 
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Dated : December 7, 1962. '/; 

„ t Geo. P Larrick, 

Commissioner of Food and Drugs. 
|FJt. Doc. 62-12360; FUed, Dec. 13, 1962- 
8:46 ajn.j 

Title 39-fPOSTAl SERVICE 

Chapter I— Post Office Department 
PART 168 — DIRECTORY OF INTERNA- 
TIONAL MAIL 

Individual Country Amendments 

The regulations of the Post Office De- 
partment in * 168.5 Individual country 
regulations are amended as follows: 

I. In country "Bolivia", under Parcel 
Post, amend the item "Prohibitions" to 
read as follows: 

Prohibitions. Firearms, daggers, black- 
jacks, brass knuckles, sidearms and con- 
cealable weapons. 

Cigarette lighters. 

Gambling devices. 

Pharmaceutical and medicinal prod- 
ucts unless approved by the Bolivian 
health authorities. In case of doubt 
senders should ascertain from the ad- 
dressees in advance of mailing whether 
the medicine they desire to send will be 
admitted. . 

Articles which violate the Bolivian 
trademark laws. 

Counterfeit or illegal currency; adver- 
tisements imitating currency or postage 
stamps, except for philatelic or numis- 
matic catalogs. 

Adulterated or harmful beverages or 
foodstuffs. 



k ~ following must be accompanied 
by ^official inspection certificates showiSl 
that they are free from domestic aiS? 
mals infectious disease: Meat, bones « 

h^H halr ; fe ? thers ' homs or hoofs of- 
hoofed animals, rabbits, or poultry wool - 
^es^poultry eggs for hatching;; 

IV. In country "Kenya and Uganda" 
as amended by 27 P.R. 3738. 27 F.R. 5659* : 

^formation immediately following the 
.« m , parcel rat€s " by striking out 
'We ght limit: 11 pounds", and insertS*. 
hi lieu thereof "Weight limit: 22' 
pounds." . 

<>i V ™ ««? try " Laos "' as amended by 
27 Fit. 8592, amend the item "Obser- * 
vations- where it appears both under,; 
Postal Union Mail and Parcel Post £ 
respecti vely read as follows : \* i ■ 

Observations. The following are the 
only post offices in operation: y »■" 



Vientiane. 
Honeisal. 
Luangprabang. 
Sayaboury. 
Paksane. 

Savannaknet. 



Faksl. 

Paksong. 

Khongsedon6. 

Cliampassak. 

Muong Kong. 

Saravane. 

Attopeu. 




tc) lt is used or intended for use to 
*>lace or remove oxygen in the proc- 
ig. storage, or packaging of beverage 
lucts and other food, except fresh 
its. 

person who will be adversely af- 
by the foregoing order may at 
time within 30 days from the date 
its publication in the Federal Recis- 
■ file with the Hearing Clerk, Depart- 
xt of Health, Education, and Welfare, 
,m 5440, 330 Independence Avenue 
Washington 25, D.C., written objec- 
is thereto. Objections shall show 
terein the person filing will be ad- 
tely affected by the order and specify 
i particularity the provisions of the 
; order deemed objectionable and the 
>unds for the objections. If a hear- 
^ is requested, the objections must 
[Mate the issues for the hearing, a hear- 
ing win be granted if the objections are 
^supported by grounds legally sufficient to 
^•Justify the relief sought. Objections 
♦ %i;;taay be accompanied by a memorandum 
>&lH° r brlef in su PP<>rt thereof. AU docu- 
K ^.frfments shall be filed in quintupiicate. 



. *?L ?3« country "Canada", as amended 
by 27 P.R, 404, 27 F.R. 10369, under Par- 
cel Post, the item "Prohibitions" is 
amencjed by revising the sixth paragraph 
to include "Plumage *nd skins ofwuS 
birds and by adding a new paragraph 
at the end therebf to prescribe regula- 
tions for importing meat. As so amend- 
ed, paragraph six and the new paragraph 
read as follows: " . p 

Prohibitions. • • • 

Commercial tags of metal. Prison- 
made goods being sold or intended for 
sale by a person or firm. Plumage and 
skins of wild birds. 
• 

Meat and meat food products, unless 
federally inspected and passed and 
marked accordingly. If intended for 
sale, export certification by the United 
States Department of Agriculture is also 
required. Meat or meat food product 

£rHfll r «f£ nal ^ * exempt from export 
certification, but the addressee is re- 
quired to certify to the Canadian au- 
thorities that it will not be offered for 
sale in Canada. 

t> E ?'.? 1 c oun try "Japan", under Parcel 
Post, the item "Prohibitions" is amended 
by revising the second paragraph to in- 



Observations. See the item "Observa^ ^ 
tions" under Postal Union Mail for post- 
offices which are in operation. . 

VI In country "Tanganyika TerrS^ 
tory" under Parcel Post, amend the ' 
tabular information immediately' fbl- 
lpwing the item "Air parcel rates 1 !, hy-- r 
striking out "Weight limits: 11 pounds*' 
and inserting in lieu thereof "Weight" 
limits: 22 pounds". svhr 
Vn. In country "Thailand" r': as * 
amended by 27 Pji. 7022, under Parcel 
Post, make the following changes to show 
that insured parcel post service . 'Is <; 
available. .^.r£v 

A. Amend the tabular information i 
mediately following the item "Air F 
eel rateS" to read as follows: 
Weight limit: 22 pounds 
Scaling; Insured parcels must, and 

parcels may be sealed 
Registration: No 
Insurance: Yes 
Postal forms required : 

1 Form 2922 

1 Form 2966 

B. Strike out the item " Indemnity;:?. 
No provision." and insert in lieu theretf-% 
the following: r 

Insurance. The following insu 
fees and limits of indemnity apply 

Limit of Indemnity: 

Not over $10 

From $10.01 to $25 " 

From $26.01 to $50 

From $50.01 to $100 




Insured parcels may only be add; 
to Bangkok or Dhonburi. 

orSt? 1 on tne ^aPPer. near the ' 
SURED" endorsement and number/-* 
amount for which the parcel Is insiiri 
This amount shall be shown in Urii 1 



27 FR 12410 
Dec. 14, 1962 



§173.342 



21 CFR Ch. I (4-1-06 Edition) 



(b) They are added in an amount not 
in excess of that reasonably required to 
inhibit foaming. 

[42 FR 14526, Mar. 15. 1977. as amended at 43 
PR 2872. Jan, 20. 1978; 46 FR 30493. June 9, 
1981; 46 FR 57476. Nov, 24. 1981; 60 FR 54036, 
Oct. 19. 1995; 61 FR 632. Jan. 9. 1996; 63 FR 
29134, May 28. 1998] 

§173.342 Chlorofluorocarbon 113 and 
perfluorohexane. 

A mixture of 99 percent 
chlorofluorocarbon 113 (1,1,2-trichloro- 
1,2,2-trifluoroethane) (CAS Reg. No. 76- 
13-1, also known as fluorocarbon 113, 
CFC 113 and FC 113) and 1 percent 
perfluorohexane (CAS Reg. No. 355-42- 
0) may be safely used in accordance 
with the following prescribed condi- 
tions: 

(a) The additive chlorofluorocarbon 
113 has a purity of not less than 99.99 
percent. 

(b) The additive mixture is intended 
for use to quickly cool or crust-freeze 
chickens sealed in intact bags com- 
posed of substances regulated in parts 
174, 175. 177, 178, and §179.45 of this 
chapter and conforming to any limita- 
tions or specifications in such regula- 
tions, 

[55 FR 8913, Mar. 9. 1990] 

8 1 73.345 Chloropentafluoroethane. 

The food additive 

chloropentafluoroethane may be safely 
used in food in accordance with the fol- 
lowing prescribed conditions: 

(a) The food additive has a purity of 
not less than 99.97 percent, and con- 
tains not more than 200 parts per mil- 
lion saturated fluoro compounds and 10 
parts per million unsaturated fluoro 
compounds as impurities. 

(b) The additive is used or intended 
for use alone or with one or more of the 
following substances: Carbon dioxide, 
nitrous oxide, propane, and 
octafluorocyclobutane complying with 
§173.360, as an aerating agent for 
foamed or sprayed food products, with 
any propellant effect being incidental 
and no more than is minimally nec- 
essary to achieve the aerating func- 
tion, except that use is not permitted 
for those standardized foods that do 
not provide for such use. 

(c) To assure safe use of the additive 



(1) The label of the food additive con- 
tainer shall bear, in addition to the 
other information required by the act, 
the following: 

(1) The name of the additive, 
chloropentafluoroethane . 

(ii) The percentage of the additive 
present in the case of a mixture. 

(iii) The designation "food grade". 

(2) The label or labeling of the food 
additive container shall bear adequate 
directions for use. 

[42 FR 14526, Mar. 15. 1977. as amended at 43 
FR 11317. Mar. 17. 1978; 43 FR 14644. Apr. 7, 
1978] 

§ 173.350 Combustion product gas. 

The food additive combustion prod- 
uct gas may be safely used in the proc- 
essing and packaging of the foods des- 
ignated in paragraph (c) of this section 
for the purpose of removing and dis- 
placing oxygen in accordance with the 
following prescribed conditions: 

(a) The food additive is manufactured 
by the controlled combustion in air of 
butane, propane, or natural gas. The 
combustion equipment shall be pro- 
vided with an absorption-type filter ca- 
pable of removing possible toxic impu- 
rities, through which all gas used in 
the treatment of food shall pass; and 
with suitable controls to insure that 
any combustion products failing to 
meet the specifications provided in this 
section will be prevented from reaching 
the food being treated. 

(b) The food additive meets the fol- 
lowing specifications: 

(1) Carbon monoxide content not to 
exceed 4.5 percent by volume, 

(2) The ultraviolet absorbance in iso- 
octane solution in the range 255 milli- 
microns to 310 millimicrons not to ex- 
ceed one-third of the standard ref- 
erence absorbance when tested as de- 
scribed in paragraph (e) of this section. 

(c) It is used or intended for use to 
displace or remove oxygen in the proc- 
essing, storage, or packaging of bev- 
erage products and other food, except 
fresh meats. 

(d) To assure safe use of the additive 
in addition to the other information re- 
quired by the act, the label or labeling 
of the combustion device shall bear 
adequate directions for use to provide a 
combustion product gas that complies 
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with the limitations prescribed in para- 
graph (b) of this section, including in- 
structions to assure proper filtration. 

(e) The food additive is tested for 
compliance with paragraph (b)(2) by 
the following empirical method: 

Spectrophotometric measurements. All meas- 
urements are made in an ultraviolet spectro- 
photometer In optical cells of 5 centimeters 
in length, and in the range of 255 milli- 
microns to 310 millimicrons, under the same 
instrumental conditions. The standard ref- 
erence absorbance is the absorbance at 275 
millimicrons of a standard reference solution 
of naphthalene (National Bureau of Stand- 
ards Material No. 577 or equivalent in purity) 
containing a concentration of 1.4 milligrams 
per liter in purified isooctane, measured 
against isooctane of the same spectral purity 
in 5-centimeter cells. (This absorbance will 
be approximately 0.30.) 

Solvent. The solvent used is pure grade iso- 
octane having an ultraviolet absorbance not 
to exceed 0.05 measured against distilled 
water as a reference. Upon passage of puri- 
fied inert gas through some isooctane under 
the identical conditions of the test, a low- 
ering of the absorbance value has been ob- 
served. The absorbance of isooctane to be 
used In this procedure shall not be more than 
0,02 lower In the range 255 millimicrons to 
310 millimicrons, inclusive, than that of the 
untreated solvent as measured In a 5-centi- 
meter cell. If necessary to obtain the pre- 
scribed purities, the isooctane may be passed 
through activated silica gel. 

Apparatus. To assure reproducible results, 
the additive is passed into the isooctane so- 
lution through a gas-absorption train con- 
sisting of the following components and nec- 
essary connections: 

1. A gas flow meter with a range up to 30 
liters per hour provided with a constant dif- 
ferential relay or other device to maintain a 
constant flow rate independent of the Input 
pressure. 

2. An absorption apparatus consisting of an 
inlet gas dispersion tube inserted to the bot- 
tom of a covered cylindrical vessel with a 
suitable outlet on the vessel for effluent gas. 
The dimensions and arrangement of tube and 
vessel are such that the inlet tube introduces 
the gas at a point not above 5 l A inches below 
the surface of the solvent through a sintered 
glass outlet. The dimensions of the vessel are 
such, and both Inlet and vessel are so de- 
signed, that the gas can be bubbled through 
60 milliliters of Isooctane solvent at a rate 
up to 30 liters per hour without mechanical 
loss of solvent. The level corresponding to 60 
milliliters should be marked on the vessel. 

3. A cooling bath containing crushed ice 
and water to permit immersion of the ab- 
sorption vessel at least to the solvent level 
mark. 



Caution. The various parts of the absorp- 
tion train must be connected by gas-tight 
tubing and joints composed of materials 
which will neither remove components from 
nor add components to the gas stream. The 
gas source Is connected in series to the flow- 
rate device, the flow meter, and the absorp- 
tion apparatus in that order. Ventilation 
should be provided for the effluent gases 
which may contain carbon monoxide. 

Sampling procedure. Immerse the gas-ab- 
sorption apparatus containing 60 milliliters 
of isooctane in the coolant bath so that the 
solvent is completely Immersed. Cool for at 
least 15 minutes and then pass 120 liters of 
the test gas through the absorption train at 
a rate of 30 liters per hour or less. Maintain 
the coolant bath at 0 °C throughout. Remove 
the absorption vessel from the bath, dis- 
connect, and warm to room temperature. 
Add isooctane to bring the contents of the 
absorption vessel to 60 milliliters, and mix. 
Determine the absorbance of the solution In 
the 5-centimeter cell in the range 255 milli- 
microns to 310 millimicrons, inclusive, com- 
pared to isooctane. The absorbance of the so- 
lution of combustion product gas shall not 
exceed that of the isooctane solvent at any 
wavelength in the specified range by more 
than one-third of the standard reference ab- 
sorbance. 

§ 173.355 Dichlorodifluoromethane. 

The food additive dichlorodi- 
fluoromethane may be safely used in 
food in accordance with the following 
prescribed conditions: 

(a) The additive has a purity of not 
less than 99.97 percent. 

(b) It is used or intended for use, in 
accordance with good manufacturing 
practice, as a direct-contact freezing 
agent for foods. 

(c) To assure safe use of the additive: 
(1) The label of its container shall 

bear, in addition to the other informa- 
tion required by the act, the following: 

(1) The name of the additive, dichlo- 
rodifluoromethane, with or without the 
parenthetical name "Food Freezant 
12". 

(ii) The designation "food grade". 

(2) The label or labeling of the food 
additive container shall bear adequate 
directions for use. 

§173.357 Materials used as fixing 
agents in the immobilization of en- 
zyme preparations. 

Fixing agents may be safely used in 
the immobilization of enzyme prepara- 
tions in accordance with the following 
conditions: 
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§ 173.350 Combustion product gas. 

The food additive combustion prod- 
uct gas may be safely used in the proc- 
essing and packaging of the foods des- 
ignated in paragraph (c) of this section 
for the purpose of removing and dis- 
placing oxygen in accordance with the 
following prescribed conditions: 

(a) The food additive is manufactured 
by the controlled combustion in air of 
butane, propane, or natural gas. The 
combustion equipment shall be pro- 
vided with an absorption-type filter ca- 
pable of removing possible toxic impu- 
rities, through which all gas used in 
the treatment of food shall pass; and 
with suitable controls to insure that 
any combustion products failing to 
meet the specifications provided in this 
section will be prevented from reaching 
the food being treated. 

(b) The food additive meets the fol- 
lowing specifications; 

(1) Carbon monoxide content not to 
exceed 4.5 percent by volume. 

(2) The ultraviolet absorbance in iso- 
octane solution in the range 255 milli- 
microns to 310 millimicrons not to ex- 
ceed one-third of the standard ref- 
erence absorbance when tested as de- 
scribed in paragraph (e) of this section. 

(c) It is used or intended for use to 
displace or remove oxygen in the proc- 
essing, storage, or packaging of bev- 
erage products and other food, except 
fresh meats. 

(d) To assure safe use of the additive 
in addition to the other information re- 
quired by the act. the label or labeling 
of the combustion device shall bear 
adequate directions for use to provide a 
combustion product gas that complies 
with the limitations prescribed in para- 
graph (b) of this section, including in- 
structions to assure proper filtration. 

(e) The food additive is tested for 
compliance with paragraph (b)(2) by 
the following empirical method: 

Spectrophotometry measurements. All meas- 
urements are made in an ultraviolet spectro- 
photometer in optical cells of 5 centimeters 
In length, and in the range of 255 milli- 
microns to 310 millimicrons, under the same 
instrumental conditions. The standard ref- 
erence absorbance is the absorbance at 275 
millimicrons of a standard reference solution 
of naphthalene (National Bureau of Stand- 
ards Material No. 577 or equivalent in purity) 
containing a concentration of 1.4 milligrams 
per liter in purified isooctane, measured 



§173.350 

against isooctane of the same spectral purity 
in 5-centimeter cells. (This absorbance will 
be approximately 0.30.) 

Solvent. The solvent used is pure grade iso- 
octane having an ultraviolet absorbance not 
to exceed 0.05 measured against distilled 
water as a reference. Upon passage of puri- 
fied inert gas through some isooctane under 
the identical conditions of the test, a low- 
ering of the absorbance value has been ob- 
served. The absorbance of isooctane to be 
used in this procedure shall not be more than 
0.02 lower in the range 255 millimicrons to 
310 millimicrons, inclusive, than that of the 
untreated solvent as measured in a 5-centi- 
meter cell. If necessary to obtain the pre- 
scribed purities, the Isooctane may be passed 
through activated silica gel. 

Apparatus. To assure reproducible results, 
the additive is passed into the isooctane so- 
lution through a gas-absorption train con- 
sisting of the following components and nec- 
essary connections: 

1. A gas flow meter with a range up to 30 
liters per hour provided with a constant dif- 
ferential relay or other device to maintain a 
constant flow rate independent of the input 
pressure. 

2. An absorption apparatus consisting of an 
inlet gas dispersion tube inserted to the bot- 
tom of a covered cylindrical vessel with a 
suitable outlet on the vessel for effluent gas. 
The dimensions and arrangement of tube and 
vessel are such that the inlet tube introduces 
the gas at a point not above 5Vi inches below 
the surface of the solvent through a sintered 
glass outlet. The dimensions of the vessel are 
such, and both inlet and vessel are so de- 
signed, that the gas can be bubbled through 
60 milliliters of isooctane solvent at a rate 
up to 30 liters per hour without mechanical 
loss of solvent. The level corresponding to 60 
milliliters should be marked on the vessel. 

3. A cooling bath containing crushed ice 
and water to permit immersion of the ab- 
sorption vessel at least to the solvent level 
mark. 

Caution. The various parts of the absorp- 
tion train must be connected by gas-tight 
tubing and Joints composed of materials 
which will neither remove components from 
nor add components to the gas stream. The 
gas source is connected in series to the flow- 
rate device, the flow meter, and the absorp- 
tion apparatus in that order. Ventilation 
should be provided for the effluent gases 
which may contain carbon monoxide. 

Sampling procedure. Immerse the gas- ab- 
sorption apparatus containing 60 milliliters 
of Isooctane in the coolant bath so that the 
solvent is completely immersed. Cool for at 
least 15 minutes and then pass 120 liters of 
the test gas through the absorption train at 
a rate of 30 liters per hour or less. Maintain 
the coolant bath at 0 °C throughout. Remove 
the absorption vessel from the bath, dis- 
connect, and warm to room temperature. 
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Add lsooctane to bring the contents of the 
absorption vessel to 60 milliliters, and mix. 
Determine the absorbance of the solution in 
the 5-centimeter cell in the range 255 milli- 
microns to 310 millimicrons, inclusive, com- 
pared to lsooctane. The absorbance of the so- 
lution of combustion product gas shall not 
exceed that of the lsooctane solvent at any 
wavelength in the specified range by more 
than one-third of the standard reference ab- 
sorbance. 

§ 173.356 Dichlorodifluoromethane. 

The food additive dichlorodi- 
fluoromethane may be safely used in 
food in accordance with the following 
prescribed conditions: 

(a) The additive has a purity of not 
less than 99.97 percent. 

(b) It is used or intended for use, in 
accordance with good manufacturing 
practice, as a direct-contact freezing 
agent for foods. 

(c) To assure safe use of the additive: 
(1) The label of its container shall 

bear, in addition to the other informa- 
tion required by the act, the following: 
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(1) The name of the additive, dichlo- 
rodifluoromethane, with or without the 
parenthetical name *'Food Freezant 
12". 

(ii) The designation "food grade ". 

(2) The label or labeling of the food 
additive container shall bear adequate 
directions for use. 

3173.357 Materials used as fixing 
agents in the immobilization of en- 
zyme preparations. 

Fixing agents may be safely used in 
the immobilization of enzyme prepara- 
tions in accordance with the following 
conditions: 

(a) The materials consist of one or 
more of the following: 

(1) Substances generally recognized 
as safe in food. 

(2) Substances identified in this sub- 
paragraph and subject to such limita- 
tions as are provided: 



Substances 


Limitations 


Acn/famtde-acryllc acid resin: Complying 
with § 173.5(a)(1) and (b) of this chapter. 

Cellulose triacetate 


May be used as a fixing material In the Immobilization of glucose (some rase en- 
zyme preparations for use In the manufacture of high fructose com syrup. In ac- 
cordance with §184.1372 of this chapter. 

May be used as a fbdng material In the Immobilization of lactase for use in reducing 
the lactose content of milk. 

May be used as a fixing materia) In the Immobilization of glucose teomerase en- 
zyme preparations for use In the manufacture of high fructose com syrup, in ac- 
cordance with § 184.1372 of this chapter. 

May be used as a fixing material in the Immobilization of glucose teomerase en- 
zyme preparations for use In the manufacture of high fructose com syrup. In ac- 
cordance with § 184.1372 of this chapter. 
Do. 


OtethylamJnoethyt-ceHiiiose 


Dlmemytarnlne-eplerUorohydrin resin: 
Complying with § 173.60(a) and (b) of 
this chapter. 

Glutaraldehyde 


Periodic add (CAS Reg. No. 10450-60- 

»).. 



144 



UNGflRETTI&HflRRIS 



c ax: 312-977-4405 



Feb 25 '~> 



9:22 



P. 08 




DEPARTMENT OF HEALTH & HUMAN SERVICES 



Food and Orug Administration 
Washington. DC 20204 



Puttie Health Seivtet 



Eric Grccnbcrg 

Ungaretti and Harris 

3500 Thxec First National Plaza 

Chicago, IL, 60602-4405 



Re: GRAS Notice No. GRN 000083 



Dear Mr. Gr ccnbcr g : 

The Food and Drug Administration (FDA) is responding to the notice, dated August 29, 2001, 
that Ungaretti and Harris submitted on behalf of Pactiv Corporation (Pactiv) in accordance with 
the agency's proposed regulation, proposed 21 CFR 170.36 (62 FR 18938; April 17, 1997; 
Substances Generally Recognized as Safe (GRAS)). FDA received the notice on September 4, 
2001, and designated it as GRAS Notice No. GRN 000083. 

The subject of the notice is carbon monoxide (CO). The notice informs FDA of the view of 
Pactiv Corporation (Pactiv) that CO is GRAS, through scientific procedures, for use as a 
component of a gas mixture in a modified atmosphere packaging (MAP) system. The level of 
CO in this MAP system is Q A percent Hie other components of the MAP system are carbon 
dioxide (30 percent) and nitrogen (69.6 percent). The MAP system would be used for packaging 
fresh cuts of case ready muscle meat and ground case ready meat to maintain wholesomeness, 
provide flexibility in distribution, and reduce shrinkage of the meat The case ready meats would 
be removed from the MAP system prior to retail display. 

As part of its notice, Pactiv includes letters from a panel of individuals (Pactiv's GRAS panel) 
who evaluated the data and information that are the basis for Pactiv's GRAS determination. 
Pactiv considers the members of its GRAS panel to be qualified by scientific training and 
experience to evaluate the safety of substances added to food. Pactiv's GRAS panel evaluated 
information and data on the chemical identity, manufacture and processing, conditions of 
proposed use, and estimated daily intakes of CO used in a MAP system for meat. Pactiv's 
GRAS panel also evaluated studies (published and unpublished) of the effects of CO used in a 
MAP syvtsm for m«t. M«mb«rs of th« GRAS panel reviewed and evaluated the publicly 
available information summarized in the GRAS notice. Based on the data and information 
reviewed, Pactiv's GRAS panel concludes that CO, when produced in accordance with current 
good manufacturing practice and meeting appropriate food grade specifications, is GRAS, 
through scientific procedures under the conditions of its intended use. 



The notice describes publicly available information pertaining to the identity and characteristic 
properties of CO. Carbon monoxide (Chemical Abstracts Service Registry Number 630-08-0) is 
a colorless, odorless, gas. The notice includes a list of properties of CO and identifies the 
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manufacturer who currently supplies CO to Pactiv. Pactiv intends to use CO at a minimum purity 
of 99.99 percent ("commercial grade"). Pactiv includes a list of specifications for CO with limits 
on the levels of other gases and considers CO of this purity to be "food grade/' 

The notice describes information about existing regulations and notices regarding food 
substances that contain CO as a significant component 

Wood smoke, which includes CO as a component, is permitted by regulation as an 
ingredient in meat and poultry products under regulations issued by the U.S. Department 
of Agriculture (9 CFR 318.7(c)(4), 381.147(cX4) and 424.21(c)). 

* Combustion product ga*, which includes CO as a component at a maximum level of 4 J 
percent by volume, is approved for use in the production of beverages and other foods 
(except fresh meat) under FDA's regulations (21 CFR 173.350). 

* Tasteless smoke, which includes CO as a primary component, is the subject of GRN 
00001 S for use on raw tuna, before it is frozen, to preserve its taste, aroma, texture, and 
color. In response to GRN 000015, FDA bad no questions regarding the notifier't 
conclusion that tasteless smoke is GRAS under the intended conditions of use. 

The notice describes the estimated consumption of CO per meal as a consequence of its intended 
use as a component in a MAP system for storing meat Assuming that 30 percent of the CO 
present in the MAP is absorbed into the meat and mat there is an 85 percent reduction of CO due 
to cooking the meat, Pactiv calculates a realistic intake estimate to be 0.084 milligrams (mg) CO 
perineal. Pactiv also calculates a worst case intake estimate to be 1.88 mg CO per meal, 
assuming mat 100 percent of the CO present in the MAP is absorbed into the meat and that there 
is no reduction in CO during cooking. Pactiv cites published articles to support the assumptions 
used in the realistic exposure estimate and to support the conclusion that exposure to CO is safe 
at this level. 

The notice describes published reports of studies demonstrating the technical effect and safety of 
using CO as a component of a MAP system (similar to the MAP system that is the subject of 
GRN 000083) for storing meat These reports include published data (microbial growth profiles 
and odor and color data) from meat stored in MAP containing CO, C0 2 , and N a> and meat stored 
in MAP containing only CO, and N v Pactiv concludes that the presence of CO in MAP systems 
allows the meat to maintain a desirable red color during storage. In addition, CO neither affects 
the ability of the MAP system to slow the growth of a variety of microorganisms, nor affects the 
characteristic odor of meat spoilage. 

The notice describes an unpublished study using the MAP system that is the subject of GRN 
000083. The study examined the effects of the system on initial meat color, stability of color 
during display, and the relationship between color deterioration and microbial growth. The 
notice also includes unpublished pictures that compare the ageing (color deterioration) of meats 
stored for 20 days in an environment of CO, C0 2v and to the ageing of fresh cut meat and the 
ageing of meat stored in a high oxygen environment. From these data, Pactiv concludes that once 
meat is removed from a MAP system containing CO, its color deteriorates at i similar rate to 
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that of meat that has notbeen exposed to CO. Pactiv also concludes that the use of CO in a MAP 
system does not result in red color life extension that could mask microbial spoilage of the meat 

Based on the information provided by Pactiv, as well as other information available to FDA, the 
agency has no questions at this time regarding PacnVs conclusion that CO is GRAS under the 
intended conditions of use. The agency has not, however, made its own determination regarding 
the GRAS status of the subject use of CO. As always, it is the continuing responsibility of Pactiv 
to ensure that food ingredients that the firm markets are safe, and are otherwise in compliance 
with all applicable legal and regulatory requirements. 

During its evaluation of GRN 000083, OFAS consulted with the Labeling and Consumer 
Protection Stair of the Food Safety and Inspection Service (FSIS) of the United States 
Department of Agriculture regarding the use of CO in meat products. Based on the information 
submitted by Pactiv, FSIS has concluded that die MAP system (ActiveTech™ 2001) as 
described in PacaVs notice, and used under the conditions stated in PacnVs notice, would be 
acceptable for packaging red meat cuts and ground meat In FSIS' view, Pactiv has demonstrated 
that this MAP system complies with FDA's definition of a processing aid mat appears in labeling 
regulations (21 CFR l01.100(aX3)). There is no lasting functional effect in the food and there is 
an insignificant amount of carbon monoxide present m the finished product under the proposed 
conditions of use. As such, similar to uses of other MAP gases (e.g., nitrogen), there are no 
labeling issues in regard to meat cuts and ground meat packaged using this MAP. Additionally, 
when considering the use of a food ingredient or additive in a meat product. FSIS historically has 
treated each livestock species separately. However, In this case, the data submitted by Pactiv can 
be extrapolated to all species of livestock. If you have any additional questions, you should direct 
your inquiry to Dr. Robert Post, Director, Labeling and Consumer Protection Staff. Office of 
Policy, Program Development and Evaluation. Food Safety and Inspection Service^ 300 12th 
Street, SW, Room 602, Washington, DC 20250-3700. The telephone number of his office is 
(202) 205-0279 and the FAX number is (202)205-3625. 

In accordance with proposed 21 CFR 170.36(f). a copy of the text of this letter, as well as a copy 
of the information in your notice that conforms to the information in proposed 21 CFR 
170.36(cXl), is available for public review and copying on the homepage of the Office of Food 
Additive Safety (on the Internet at ht©:/Aiirvw.cfsan.fda^ 



Sincerely, 

Alan M.RuUt.Ph.D. 
Director 

Office of Food Additive Safety 
Center for Food Safety 
and Applied Nutrition 



